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PREFACE 


The  International  Library  of  Technology  is  the  outgrowth 
of  a  large  and  increasing  demand  that  has  arisen  for  the 
Reference  Libraries  of  the  International  Correspondence 
Schools  on  the  part  of  those  who  are  not  students  of  the 
Schools.  As  the  volumes  composing  this  Library  are  all 
printed  from  the  same  plates  used  in  printing  the  Reference 
Libraries  above  mentioned,  a  few  words  are  necessary 
regarding  the  scop^  aad  4)urpo9e  of  the.  instruction  imparted 
to  the  students  of  ^and  th^  class  jrff  Htirfents  taught  by — 
these  Schools,  in  order. to i^iffyrd:  a- clear  understanding  of 
their  salient  and  unique  teali^re^-  -     ' 

The  only  requirement  for  i^missfon  to  any  of  the  courses 
offered  by  the  InternaticRai  Correspondence  Schools  is  that 
the  applicant  shall  be  able  to  read  the  English  language  and 
to  write  it  sufficiently  well  to  make  his  written  answers  to 
the  questions  asked  him  intelligible.  Each  course  is  com- 
plete in  itself,  and  no  textbooks  are  required  other  than 
those  prepared  by  the  Schools  for  the  particular  course 
selected.  The  students  themselves  are  from  every  class, 
trade,  and  profession  and  from  every  country;  they  are, 
almost  without  exception*,  busily  engaged  in  some  vocation, 
and  can  spare  but  little  time  for  study,  and  that  usually 
outside  of  their  regular  working  hours.  The  information 
desired  is  such  as  can  be  immediately  applied  in  practice, 
so  that  the  student  may  be  enabled  to  exchange  his 
present  vocation  for  a  more  congenial  one  or  to  rise  to  a 
higher  level  in  the  one  he  now  pursues.     Furthermore,  he 
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wishes  to  obtain  a  good  working  knowledge  of  the  subjects 
treated  in  the  shortest  time  and  in  the  most  direct  manner 
possible. 

In  meeting  these  requirements,  we  have  produced  a  set  of 
books  that  in  many  respects,  and  particularly  in  the  general 
plan  followed,  are  absolutely  unique.  In  the  majority  of 
subjects  treated  the  knowledge  of  mathematics  required  is 
limited  to  the  simplest  principles  of  arithmetic  and  men- 
suration, and  in  no  case  is  any  greater  knowledge  of 
mathematics  needed  than  the  simplest  elementary  principles 
of  algebra,  geometry,  and  trigonometry,  with  a  thorough, 
practical  acquaintance  with  the  use  of  the  logarithmic 
table.  To  effect  this  result,  derivations  of  rules  and 
formulas  are  omitted,  but  thorough  and  complete  instruc- 
tions are  given  regarding  how,  when,  and  under  what 
circumstances  any  particular  rule,  formula,  or  process 
should  be  applied;  and  whenever  possible  one  or  more 
examples,  such  aswQuld  Ije  likely  tp.^js^  in  actual  practice 
— together  with  tl]eJ^*feQluti6nsY^'aie^^^^  to  illustrate  and 
explain  its  application. ,.. 

In  preparing  these  textb(x>]c|p^  it*has  been  our  constant 
endeavor  to  view  the'jxratjtej^  fr<:jijarit;hejstudent's  standpoint, 
and  to  try  and  anticipate:  everyiiuii^.lhat  would  cause  him 
trouble.  The  utmost  pains  have  been  taken  to  avoid  and 
correct  any  and  all  ambiguous  expressions — both  those  due 
to  faulty  rhetoric  and  those  due  to  insufficiency  of  statement 
or  explanation.  As  the  best  way  to  make  a  statement, 
explanation,  or  description  clear  is  to  give  a  picture  or  a 
diagram  in  connection  with  it,  illustrations  have  been  used 
almost  without  limit.  The  illustrations  have  in  all  cases 
been  adapted  to  the  requirements  of  the  text,  and  projec- 
tions and  sections  or  outline,  partially  shaded,  or  full-shaded 
perspectives  have  been  used,  according  to  which  will  best 
produce  the  desired  results.  Half-tones  have  been  used 
rather  sparingly,  except  in  those  cases  where  the  general 
effect  is  desired  rather  than  the  actual  details. 

It  is  obvious  that  books  prepared  along  the  lines  men- 
tioned must  not  only  be  clear  and  concise  beyond  anything 
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heretofore  attempted,  but  they  must  also  possess  unequaled 
value  for  reference  purposes.  They  not  only  give  the  maxi- 
mum of  information  in  a  minimum  space,  but  this  informa- 
tion is  so  ingeniously  arranged  and  correlated,  and  the  indexes 
are  so  full  and  complete,  that  it  can  at  once  be  made  available 
to  the  reader.  The  numerous  examples  and  explanatory  re- 
marks, together  with  the  absence  of  long  demonstrations  and 
abstruse  mathematical  calculations,  are  of  great  assistance  in 
helping  one  to  select  the  proper  formula,  method,  or  process 
and  in  teaching  him  how  and  when  it  should  be  used. 

This  volume  contains  papers  on  the  subjects  of  placer  min- 
ing, surface  arrangements  at  ore  mines,  preliminary  opera- 
tions at  ore  mines,  ore  mining,  supporting  excavations,  and 
assaying.  The  papers  are  worded  to  furnish  practical  in- 
formation in  a  concise  way,  and  therefore  will  be  found 
helpful  to  placer  miners,  mining  engineers,  mine  managers, 
mine  foremen,  students,  and  others  interested  in  mining. 
In  some  respects  the  subjects  are  presented  differently  than 
in  other  books,  in  that  the  practical  details  adopted  in  the 
latest  and  most  systematic  methods  of  economic  mining  and 
assay  practice  are  explained,  where  usually  they  are  left  to 
the  student  or  others  to  ascertain  by  practice.  Since  mining 
practice  must  be  varied  to  meet  conditions,  this  feature  alone 
should  appeal  to  every  individual  at  all  interested  in  mines. 

The  method  of  numbering  the  pages,  cuts,  articles,  etc. 
is  such  that  each  subject  or  part,  when  the  subject  is  divided 
into  two  or  more  parts,  is  complete  in  itself;  hence,  in  order 
to  make  the  index  intelligible,  it  was  necessary  to  give  each 
subject  or  part  a  number.  This  number  is  placed  at  the  top 
of  each  page,  on  the  headline,  opposite  the  page  number; 
and  to  distinguish  it  from  the  page  number  it  is  preceded 
by  the  printer's  section  mark  (§).  Consequently,  a  reference 
such  as  §  37,  page  26,  will  be  readily  found  by  looking  along 
the  inside  edges  of  the  headlines  until  §  37  is  found,  and 
then  through  §  37  until  page  26  is  found. 
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(PART  1) 


INTRODUCTION 


FORMS    OP    DEPOSITS 

1.  Shallow,  or  Modern,  Placers. — Placers  are  gold- 
bearing  deposits  that  have  been  formed  by  the  disintegration 
of  rocks;  the  heavier  portions  of  the  deposits  have  become 
concentrated  by  the  action  of  water.  The  placer  deposits 
that  are  most  accessible  are  those  occurring  in  the  beds 
of  modern  or  recent  rivers  and  streams.  These  have 
been  worked  from  the  dawn  of  history,  and  the  greater  part 
of  the  gold  that  has  been  obtained  has  come  from  such 
deposits.  The  material  of  the  deposit  may  consist  of  sand, 
gravel,  loam,  or  clay. 

Shallow  deposits  may  occur  in  the  beds  of  rivers,  or  as 
bars  along  river  banks  or  on  the  seashore  where  the  currents 
of  water  have  gradually  concentrated  the  gold  into  a  richer 
deposit  than  the  average  sand. 

2.  Deep,  or  Ancient,  Placers.  —  Placers  in  some 
instances  have  become  deep  by  excessive  deposits  of  mate- 
rial; the  rivers  that  formed  them  were  diverted  from  their 
original  courses  by  filling  up,  by  changes  in  the  elevation  of 
the  continent,  or  by  lava  flows  filling  the  upper  portion  of 
their  courses.  But  such  placer  deposits  may  have  been  sub- 
sequently cut  by  the  modern  rivers,  when  they  will  form 
bench  or  /////  placers.     In  some  cases  the  deposits  may  be 
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from  400  to  500  feet  in  thickness,  the  upper  portions  being, 
as  a  rule,  composed  of  lower  grade  material  than  those 
portions  nearer  bed  rock.  In  other  cases  the  old  river  bed 
may  have  become  covered  with  lava,  to  a  greater  or  less 
depth;  subsequent  erosion  may  then  have  formed  new  chan- 
nels in  the  old  deposits.  The  deep  placers,  whether  covered 
with  lava  or  not,  frequently  become  cemented  into  a  kind  of 
conglomerate,  on  account  of  the  presence  of  oxide  of  iron, 
silicious,  or  calcareous  matter,  which  has  been  carried  into 
the  deposit  by  percolating  waters.  The  deep  or  buried 
placers  were  first  discovered  at  points  where  they  were  inter- 
sected by  the  courses  of  modern  rivers,  and  were  explored 
by  drifts  or  tunnels. 

3.  Occurrence  of  Gold  in  Placei's. — Placer  deposits 
contain  metallic  gold  in  fragments  ranging  from  the  finest 
dust  to  nuggets  that  weigh  several  pounds.  The  gold  is 
sometimes  associated  with  more  or  less  platinum  and  plati- 
num metals,  and  occasionally  with  silver,  lead,  copper, 
black  magnetic  iron  sand,  tin  oxide,  and  precious  stones. 

4,  Crevices.  —  The  velocity  of  ^  the  current  and  the 
amount  of  material  carried  by  the  river  will  determine 
whether  it  will  erode  its  channel  or  deposit  material.  If  the 
river  water  holds  a  small  amount  of  sediment  in  suspension, 
erosion  will  take  place;  while  if  it  is  overloaded,  some  of  the 
material  will  be  deposited.  Just  at  the  point  where  a  river 
begins  to  deposit  some  ot  the  material  it  is  carrying,  a  con- 
centrating action  takes  place,  und  the  materials  having  the 
greatest  density  will  separate  first.  As  the  bed  rock  of 
most  rivers  is  rough  and  forms  a  series  of  natural  pockets 
and  riffles,  the  best  deposits  of  f)recious  metals  are  usually 
found  in  them.  All  changes  in  direction  or  width  of  a  river 
or  the  character  of  the  bed  rock  and  river  bottom  will  influ- 
ence the  deposition  of  gold. 

This  is  illustrated  in  Fig.  1  (a),  (^),  and  (c).  A  pocket  at 
one  side  of  the  bed  of  the  stream,  which  would  form  a  recep- 
tacle for  gold,  is  shown  in  (u).  In  (/;)  and  (c)  a  series  of 
crevices  A  formed  by  the  upturned  edge  of  the  strata  are 


46 


.ACER    MINING 


rUusirated;  these  would  probably  contain  rich  deposits. 
.Alter  a  ctirrenl  has  commenced  to  diijiusit  matorial  the 
^operaiioii  is  so  rapid   that  a  straUnn   will   be  formed  tliat 

contains  but  a  small  amount  of  goid  compared  with  that 
f'd  on  llie   bed  rock*       If  this  be  suct*eeded  by  <t 

;  -umewhat  more  rapid  current,  a  richer  stratum 

will  be  formed  with  the  gravel  previously  laid  down  as  a 


^jgjg^g^ 


W^ 


pm   1 

[;  or  ii  the  current  slows  down  a  bed  of   clay  may  be 

sited,  which  will   later  form   a  floor  on  which  a  deposit 

will  be  placed.     The  beds  on  which  later  deposits  ocenr  are 

*   "^-*'  beil  j%»eksi,  and  frequently  a  mass  of  gravel  will 

^'s  of  rich  streaks  running  through  it  parallel  lo 

bed  rock.     Rivers  that  change  their  courses  back  and  forth 

'        M  sandy  beds  act  in  the  same  way,  and  often 

cts  in  the  material  of  the  bed* 

fl,  I^JckelJ8• — Even  though  the  gKiekets  on  the  bed  rock 
are  usually  rich,  the  holes  below  waterfalls  are  sometimes 
:  I  contain  only  a  ^mall  amount  of  gold.     This  is 

ir>r  by  the  manner  in  which  the  water  plunging 
Ofver  the  waterfall  would  wash  everything,  coarse  or  fine, 
?  '*r  light,  out  of  tlie  hole,  and  then  by  some  sudden 

ihe  |JDt  hole  may  be  w^ashed  full  of  gravel  or  other 
debrii^  without   an  opportimity   for  concentration  to  take 
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6.     Distribution  of  Placer  Gold. — Even  where  gold  is 
fairly  uniformly  distributed  throughout  the  material  of  a 

deposit,  it  is  usually  richer  at  or 
near  bed  rock,  hence  the  different 
layers  of  gravel,  sand,  or  other 
material  will  have  a  somewhat  dif- 
ferent average  value.  Fig.  2  illus- 
trates this  by  the  figures  opposite 
the  different  strata,  which  represent 
the  value  per  cubic  yard  of  the 
several  strata  as  obtained,  it  will  be 
assumed,  by  a  careful  series  of  tests. 
It  is  not  to  be  supposed  that  all 
cases  will  be  exactly  like  this,  for 
sometimes  the  richest  deposit  may 
occur  high  up  in  the  formation  on  a 
false  bed  rock,  and  at  times  the 
surface  of  the  deposit  may  be  en- 
tirely barren. 


Fig.  2 


EXAMPIiES    OF   PliACERS 


ALMA  PLACER 

7,  As  an  example  of  ordinary  placer  mining,  that  of  the 
Green  Mountain  Company  at  Alma,  South  Park,  Colorado,  is 
taken.  In  South  Park,  at  an  altitude  of  10,000  feet  above 
the  sea,  is  an  extensive  area  of  placer  ground  located  on  the 
banks  of  the  South  Platte  River  and  extending  from  the 
base  of  Mt.  Lincoln  to  Fairpluy,  a  distance  of  over  20  miles. 
This  area  consists  of  pebble  banks,  boulders,  gravel,  and 
sand,  that  slope  gently  toward  the  mountainside  on  both 
sides  of  the  stream  for  an  average  width  of  about  half  a  mile, 
the  surface  being  covered  with  grass  and  a  few  spare  trees. 

Portions  of  this  placer  have  been  worked  at  Alma  and  at 
Fairplay,  but  the  banks  are  far  from  being  exhausted.  The 
principal  hydraulic  workings  are  at  Alma,  where  the  banks 
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^rc  thickest,  owing  to  the  convergence  of   the  tributary 

-   at    that    point.     A    goati   su[)ply  of  water  can  be 

.  ti  during  the  summer  months,  when   the  beds   are 

orlced  continuously  night  and  day.     The  gravel  and  drift 

■it  was  probably  first  transported  by  glaciers,  Ihu  ^uU- 

:iy  it  has  evidently  been    washed    and  worked  over 

ktcE  by  the  streams  that  flowed  from  the  eafions. 

^^tiere  a  section  of  the  bank  is  exposed,  as  at  Alma^  it 

ihi  l>iis  a  strut!ture,  from  the  grass  roots  down  to  bed  rock, 

lilar  to  that  shown  in 

[fg-       3»    which     may    be 

"tbed    as    follows;    At 

^op  there  is  first  a  foot 

^%^o  of  black  earth  in 

lliioli  there  is  little  gold; 

plo^'this^  a  foot  or  two  of 

^)r     *i*^d  pebbles;   then  a 

feet     of     irregularly 

edcJed   streaks    of    sand 

1  by  eddies  ami  cur- 

ifid  likrwise  compar- 

Itivcsly  poor  in  gold.     The  remainder  of  the  deposit  to  bed 

c«c    is  composed  of  from  30  to  50  feet  of  rounded  pebbles 

Itid    tjuulders  varying  in  sire,  from  a  fraction  of  an  inch  to  a 

'■^    or    more    in    diameter,  the    whole    being    cemented 

logcthcr  with  clay,  and  in  places  with  iron  oxide,  so  that  it 

lorTnjg  a  tolerably  tough  conglomerate  that  requires  the  aid 

Jul  A  ptck  ur  stream  of  water  having  a  good  head  for  its  dis- 

titcgr^ytiii      The  banks  continue  on  btJth  sides  of  the  creek 

lior  Several  miles,  but    arc   thickest   at   Alma  opposite  the 

fottlleiof  the   Biickskiu   and   Mogquito    cafSons.     Here  the 

baftkjt   tijivc    been    excavated    for    a    long    distance   from 

the  river,  preseuiing  a  vertical  cliff  in  some  placets  ?0  feet 

high  ;ind  about  a  mile  in  length-     This  cliff  is  cut  by  narrow 

■^'  '   ''T^  that  have  been  made  by  streams  of  water  or  flume 

lib.     Some  of  thfse  cuts  are  narrow  gashes  that  do 

nut  penetrate  far  into  the  bank,  while  others  lead  through 

uarmw  ravine;!  into  wide  open  excavations  surrounded  by 
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high  banks,  and  whose  center  is  occupied  by  piles  of  large 
boulders  that  have  been  thrown  out  of  the  sluices  in  the 
course  of  the  work.  Winding  through  this  mass  of  debris 
may  be  seen  the  remains  of  the  abandoned  gravel  sluices. 

8.  The  operations  in  this  district  are  carried  on  by 
hydraulicking;  that  is,  the  gravel  is  broken  down  and  the 
gold  concentrated  by  water.  The  sluices  for  carrying  the 
excavated  material  pass  to  the  river  bottom  through  a  nar- 
row ravine,  as  shown  in  Fig.  4,  and  the  ends  of  the  sluices 
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are  divided  into  short  curved  tributaries  so  as  to  distribute 
the  tailings  over  the  river  bottom.  At  the  Alma  mine  two 
sluices  pass  through  a  ravine  that  is  over  1,000  feet  long, 
the  mine  being  200  feet  wide  and  about  70  feet  deep. 

Fig.  5  illustrates  the  workings  at  the  head  of  the  sluices, 
where  the  method  of  carrying  (m  the  work  may  be  seen. 
Water  is  allowed  to  flow  over  the  bank  as  flume  waterfalls, 
which  can  be  seen  in  the  background.  The  disintegration 
of  the  material  left  standing  between  the  gullies  cut  by 
these  waterfalls  is  accomplished  by  means  of  hydraulicking, 
and  all  the  material  is  washed  into  the  gravel  sluices.  The 
sluices  are  lined  with  wooden-block  pavement.  After  the 
washing  has  continued  for  some  time,  a  number  of  large 
boulders  usually  accumulate  at  the  feet  of  the  waterfalls  and 
above  the  sluices.     When  this  occurs,  the  flume  that  supplies 
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*  the  W4ler  is  turned  off  and  the  hydraulic  nozzles  turned  on 

I  tcisotnc  other  portion  tif  the  hunk.    The   men  then  climb 

I  mio  the  patliway  of  the  refuse  stream  arul  remove  the  larger 

^K)iiIcJcf5,  some  of  which    have   to   be    blasted    before   they 

I  can  be  haiidled.     The  small  boulders  are  loaded  on  to  a  stone 

1  Wt,  wrhich  is  hoisted  out  of  the  way  by  means  of  a  large 

errick,  which  is  operated  by  a  10-foot  Pelton  waterwhceL 

Lar^e  boidders  are  attached  to  the  derricks  by  means  of 

chains  and  hoisted  without  the  use  of  the  stotic  boat.    After 

Ihe  large  boulders  have  been  removed,  the  streams  from  the 

i'^^zles  are  once  more  turned  on  and  the  gravel  and  pebbles 
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9^^  had  been  held  back  by  the  boulders  are  washed  into 
niiiurs  so  as  to  expose  the  sandstone  bed  rock.  The 
^Tii  then  dig  up  and  shovel  into  the  *i1uice  the  rotten 
<^t?  nf  the  saiidstcjne  to  such  a  depth  as  experience  has 
^d  that  the  gold  will  be  fonnd.  They  examine  all 
•ts  in  the  rock  and  scrape  or  brush  out  any  gold  that 
•*y  be  there*  After  this,  the  bed  rock  cuts  are  advanced 
'^**  the  work  of  the  flume  waterfalls  and  nozzles  resumed. 
M^  with  long-handled  shovels  assist  in  ground  sluicing  by 
hcl|nnjj  along  or  removing  btndders,  thus  keeping  the 
water  In  as  definite  a  rhannel  as  possible,  so  that  the  work 
tf»*y  be  effective. 
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9.  Preliminary  Operations  Necessary. — Before  this 
particular  enterprise  was  undertaken,  the  ground  was  pros- 
pected and  the  presence  of  gold  in  paying  quantities  assured 
by  sinking  test  shafts  and  by  panning  the  gravel  from 
the  surface  down  to  bed  rock.  The  question  of  water 
supply  was  considered  and  a  reservoir  constructed  with  an 
area  of  5  acres  and  an  average  depth  of  10  feet.  The  dam 
is  made  of  gravel  and  brush,  and  is  provided  with  timber 
cribs  and  gates  for  the  waste  way.  The  ditch  from  the  dam 
to  the  mine  is  about  2  miles  long  and  carries  2,000  miners' 
inches;  it  is  12  feet  wide,  3  feet  deep,  and  has  a  grade  of 
10  feet  to  the  mile.  At  one  place  a  flume  240  feet  long, 
6  feet  wide,  and  3  feet  deep  is  carried  on  trestles.  At  the 
end  of  this  main  flume,  there  is  another  that  rests  on  rock 
and  runs  at  right  angles  to  it,  from  which  four  ditches  are 
carried  to  the  general  workings.  From  a  penstock  placed  at 
the  end  of  one  of  these  branch  ditches,  two  pipe  lines  are 
carried  to  the  nozzles.  The  pipes  are  22  inches  in  diameter 
at  the  penstock,  but  taper  gradually  to  10  inches  in  diameter 
at  the  nozzles,  the  lines  being  each  approximately  500  feet 
long.  The  two  nozzles,  which  have  a  diameter  of  about 
4  inches,  use  200  miners'  inches  each,  the  remainder  of  the 
water  being  employed  for  operating  the  derrick,  or  as  a 
flume  waterfall. 

The  two  sluices  are  each  3  feet  wide  by  4  feet  high  and 
are  paved  with  wooden-block  riffles  8  inches  thick,  which 
reduce  the  depth  by  that  amount.  They  are  laid  on  bed 
rock,  which,  in  places,  has  been  cut  down  to  receive  them, 
and  at  curves  has  been  raised  on  the  outer  side.  Each 
sluice  is  4,000  feet  long,  but  most  of  the  gold  collects  in  the 
first  400  feet;  their  grade  varies  from  4  inches  to  12  feet  in 
100  feet.  The  force  of  the  water  is  so  great  in  the  latter 
case  that  boulders  weighing  100  pounds  are  frequently 
carried  entirely  through  them. 

10.  Cleaning  Up. — At  this  mine  about  2  ounces  of 
quicksilver  are  supposed  to  be  used  for  each  ounce  of  gold 
to  be  recovered.     The  clean  iips  which  occur  at  regular 
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intervals,  are  performed  by  first  taking  out  the  riffles  in  sec- 
tions and  washing  everything  clear.  The  packing  of  small 
stones  that  was  between  the  blocks,  is  then  removed  with 
12-tined  forks  and  the  floor  cleaned.  The  quicksilver  is  next 
removed  and  washed  from  the  black  sand,  after  which  it  is 
strained,  the  amalgam  retorted,  and  the  bullion  melted 
down,  preparatory  to  being  sent  away. 


BOSCOi:  PliACER 

11,  As  an  example  of  a  placer  that  has  been  exposed  by 
means  of  a  wing  dam,  the  Roscoe  placer  may  be  described. 
This  is  situated  in  the  cafion  of  Clear  Creek,  Colorado,  one 
of  the  steepest  and  grandest  in  the  front  range  of  the 
Rocky  Mountains.  This  cafion  is  cut  through  granite 
rock  for  a  distance  of  some  40  miles  to  an  average  depth 
of  1,000  feet.  About  13  miles  from  its  outlet  on  the 
plain  the  creek  divides,  one  branch  leading  up  to  the  gold- 
mining  region  of  Central  City  and  the  other  to  the  gold- 
mining  region  of  Idaho  Springs.  The  main  creek  receives 
the  drainage  of  two  gold-bearing  districts.  At  Central 
City,  in  addition  to  the  gold  derived  from  the  veins  and 
rocks  direct,  the  creek  brings  down  flour  gold  and  fine 
amalgam  in  the  tailings  from  the  old  stamp  mills,  which 
recovered  only  about  40  per  cent,  of  the  gold  in  the  ore 
and  lost  a  good  deal  of  amalgam.  These  tailings  have 
been  accumulating  for  30  years  and  are  an  addition  to  the 
values  that  the  placer  formerly  contained.  Miners  and 
prospectors  in  the  past  obtained  gold  from  the  shallow  or 
surface  washings,  but  the  deep  underlying  bed  rock  was 
out  of  their  reach. 

At  one  point  the  cafion  is  crossed  by  several  hard  quartz 
and  feldspar  veins,  which  formed  a  natural  dam,  that  was 
broken  through  by  the  creek  as  its  cafion  was  being  eroded. 
But  at  some  comparatively  recent  time  huge  masses  of  rock 
have  fallen  into  the  creek  at  this  point  in  such  a  manner  as 
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to  practically  dam  it  and  form  a  waterfall  about  30  feet 
high.  Above  this  natural  dam  there  is  a  large  expanse  of 
ground  consisting  of  placer  material  and  old  tailings  called 
the  Roscoe  Placer.  The  fall  of  water  over  the  natural  dam 
gave  a  good  dumping  ground  for  the  tailings,  and  the  flat 
area  above  made  it  convenient  to  construct  a  large  flume 
along  one  bank  of  the  creek,  into  which  the  stream  was 
turned  by  means  of  a  wing  dam,  thus  exposing  the  bed  of 
the  creek  with  its  placer  ground  and  accumulation  of 
tailings. 

12,  Prellininai*>'  Work.  —  The  ground  having  been 
prospected  by  sinking  shafts  to  bed  rock  and  the  presence  of 
gold  assured,  a  flume  10  feet  wide,  G^  feet  deep,  and 
5i,400  feet  long  was  constructed  on  the  south  bank  of  the 
stream  capable  of  carrying  all  the  water  of  the  creek.  Its 
flooring  was  4  inches  thick  and  the  sides  2  inches,  and  its 
grade  on  curves  1]  inches  to  16  feet,  while  in  straight  por- 
tions it  was  \  inch  to  16  feet.  It  followed  the  course  of  the 
stream,  the  outside  edge  being  elevated  on  curves  to  prevent 
the  water  from  splashing.  The  wafer  was  turned  into  the 
flume  by  means  of  a  wing  dam,  which  was  first  constructed 
of  sand  bags  and  subsequently  strengthened  by  means  of  a 
bank  of  earth  and  a  substantial  wooden  framework  com- 
posed of  triangular  bents.  The  whole  dam  was  then  backed 
with  stone  and  gravel,  and  the  down-stream  face  rip- 
rapped  with  boulders  taken  from  the  drift  material.  By 
this  means  the  entire  creek  bed  above  the  natural  dam  was 
exposed. 

To  provide  a  water  supply  for  the  hydraulic  nozzles  and 
elevators,  a  dam  was  constructed  about  3  miles  up  stream 
and  an  intake  flume  800  feet  long  built  to  a  combination 
penstock  and  sand  box.  This  penstock,  which  was  8  feet 
square  and  16  feet  deep,  was  provided  with  a  grating  that 
removed  the  brush,  leaves,  etc.,  and  was  made  large  and 
deep  enough  to  serve  as  a  sand  box,  the  surplus  water 
escaping  over  a  weir  and  flowing  back  to  the  river.  Part 
way  down,  one  side  of  the   penstock  was  connected    to  a 
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means  of  an  arch.  The  wooden  pipe  extended  to  about 
I  mile  from  the  mine^  diminislilngf  gradually  from  a  diam* 
eter  of  48  inches   at    the  penstock   to   22   inches,  where  it 

joined  a  metal  pipe.  For  the 
last  ^  mile  there  were  two 
metal  pipes,  one  1^  inches 
and  the  other  1^  inches  in 
diameter,  which  ran  purallcL 
One  of  these  pipes  supplied 
the  water  for  the  nozzle  and 
the  other  for  the  hydraulic 
elevator.  The  pressure  on 
the  pipes  was  87  pounds  per 
square  inch  at  the  nozxles, 
which  would  throw  a  column 
of  water  4  inches  in  diameter 
for  a  distance  of  1^55  feet. 
If  th«?  pipes  were  closed  at  the 
end,  the  pressure  woulti  be 
189  pounds  per  square  inch. 

In  addition  |o  the  construe* 
tion  of  the  flume  and  wing^ 
dam  for  diverting  the  stream 
and  the  pipe  lines  for  supply- 
ing water,  it  was  necessary 
to  construct  sluices  for  wash- 
ing the  gravel,  and  undercur- 
rents that  treated  the  fine 
material  The  main  gravel 
sluiee»  which  was  *iOH  feet  long, 
4  feet  wide,  and  3  feet  deep, 
was  paved  with  square,  wood- 
en-block  riffles  At  its  end 
thtre  waa  a  grizzly  that  re* 
moved  all  material  ovrr  }  inch 
in  diameter  and  passed  ii  tu 
the  waterfall  the  fme  portion  fatltng  into  a  trough,  or 
undercurrent,  which    was  12   feet  wide,  %l   feet  long,  and 


F-r 


> 


it* 


PLACER    MINING 


set  on  a  grade  of  6  inches  in  24  feet.  This  trough  was 
liued  Willi  riffles  made  by  nailing  narruw  wooden  slats 
acro^  ihe  bottom  ami  securing  pieces  of  flat  strap  iron  to 
the  lop,  so  that  the  edges  of  the  strap  iron  projected  over 
the  slats  on  both  sidts.  The  material  that  passed  over  the 
first  undercurrent  was  taken  up  by  a  second  sluice  and 
carried  to  a  second  undercurrent,  which  was  24  feet  wide, 
4^  feet  long,  and  covered  with  burlap  or  sacking  material, 
which  was  occasionally  drawn  off  on  to  wooden  roiters  and 
carried  to  wooden  tanks,   where   it  was  carefully   washed* 


i:^ 
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The  material  caught  by  this  undercurrent  consisted  largely 
of  flour  gold  and  pyrites  that  had  accumulated  from  the  tail- 
ingft  of  the  inillft  up  the  stream.  Before  the  material  passed 
on  to  the  secf^d  undercurrent,  it  passed  over  a  perforated 
plate,  which  removed  everything  over  |  inch  in  diameter. 

l,'l*    Bietliod  of  0|)ei*iitton. — ^After  the  flumes  and  pipe 
lin  I'oristnirted^  a   jnt  was  sunk  at   the  u[>per  end  of 

Ui'  line   with  the  aid  of   the   nozzles   ami   hydraulic 

elevator,  wbicii  was  of  the  Ludlum  type.  Fig.  6  gives  a 
general  view  of  the  placer,  showing  the  railroad  track  on 
the  north  bank,  the  ma'm  dume  for  deflectiui^^  the  course 
of  the  iitrcam  on  the  south  i>ank,  and  the  pit  in  which 
operations  were  carried  on  in  the  foreground.     To  t!ie  left 
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of  the  pit  can  be  seen  the  gravel  sluices,  and  below  them 
the  two  undercurrents.  Fig.  7  is  a  general  view  showing 
the  entire  valley  from  the  point  at  which  water  for  the  pipe 
line  was  taken  from  the  stream  down  to  below  the  last 
undercurrent.  Fig.  8  shows  the  pit  or  excavation  at  the 
lower  end  of  the  workings.  In  this  illustration  it  will  be 
noticed  that  water  for  some  of  the  work  is  taken  directly 
from  the  large  flumes  that  deflect  the  stream,  while  the 
water  for  operating  one  of  the  nozzles  and  the  hydraulic 
elevators  comes  from  the  pipe  line.  Of  the  two  pipes  at 
the  back  of  the  illustration,  which  ascend  from  the  pit  into 
the  gravel  sluices,  one  is  a  gravel  elevator  and  the  other  a 
water  elevator.  The  cleaning  up,  preparing,  retorting  the 
amalgam,  and  melting  the  bullion  are  carried  on  in  the 
ordinary  manner. 


APPARATUS  FOR  PLACER  MINING 


CRAI>L.E8 

14,    Ancient  Methods. — Gold    was   ordinarily   washed 
in   a   crude   manner   in   all    parts   of    the  world,    and    all 

the  primitive  washing 
apparatus  imitated  as 
nearly  as  possible  the 
methods  Nature  em- 
ployed in  the  forma- 
tion of  placer  deposits; 
that  is,  the  gold-bear- 
ing nuiterial  was  sub- 
jected to  the  action  of 
water,  so  as  to  wash 
away  the  lighter  por- 
tion and  leave  the  gold 
behind.  These  efforts 
resulted  in  a  number 
of  washing  devices,  some  of  which  are  used  at  the  present 


Fig.  9 


PLACER     MINING 


U 


|t-     siiid  among   which  may  be  mentioned  tlie  gold  pan 
t^salea;  ihu  maiiiRT  in  which  these  are  used  is  $howri 

&•  The  ettMlle  probably  orip^inated  in  Georgia,  and 
intmdticcd  into  California  during  the  early  days  of 
fid  tnining  ;  it  was  used  in  placer  mining  before  the 
f  1  r  o fl y  c  t  i  o n  of  slui c i n gf, 

itH«^s  are  now  mainly  used      fl .  ,-iL 

clfianing    up   placer   claims 
P*3  c^uurtt  mills,  and  for  col- 
ttingr  finely  divided  particles 
f  ciUicksilvcr  or  amalgam, 
I^^K-  10  gives  an  end   view  *'^''- *" 

p"  ^  bngitudinal  section  of  a  cradle.      On  the  upper  part 
t^^    is  a  removable  hopper,  16  inches  square  inside  and 
*^    4  inches  deep,  with  a  sheet -iron   bottom   perforated 
14nch  diameter  holes.     Beneath  the  perforated  plate, 
J*6r ht  frame  is  placed  on  an  inclination  from  front  to  back^ 
^^hich  frame  a  canvas  or  carpet  apron  is  stretched*     To 
^^He  cradle,  material  is  placed  into  the  hopper  and  water 

poured  on  this  with  a  dip- 
per while  the  cradle  is  kept 
rocking.  The  water  washes 
the  line  stuff  through  the 
bottom  of  the  hopper,  and 
the  gold  is  either  caught 
on  the  apron  or  collects  in 
the  bottom  of  the  cradle 
behind  the  riffles.  The 
!T^f^  rocks  and  stones  that  are 
too  large  to  he  washed 
through  the  holes  in  the 
plate  are  picked  out  from 
**  the    hopper     by     hand, 

'^^ttl  off.  and  thrown  away.  The  lighter  and  worthless 
*>i^t»?nal  wanhes  over  the  riffles  and  discharges  at  the  lower 
^^  'd  thf  cradle  while  the  gold  collects  behind  the  riffles 
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Sometimes  the  entire  bottom  of  the  apparatus  under  the 
riffles  is  covered  with  carpet.  Fig.  11  shows  a  man  oper- 
ating a  cradle. 


16.    Two-Tray  Cradle. — Fig.  12  shows,  in  section  and 
elevation,  a  cradle  fitted  with  two  trays;  it  consists  of  a 

box,  shaped  as  shown, 
40  inches  long,  18  inches 
wide,  and  24  inches  high. 
A  removable  hopper  c 
18  inches  by  24  inches 
by  5  inches,  having  as  a 
bottom  an  iron  plate 
perforated  with  f-inch 
holes,  is  securely  fitted 
on  the  top.  Twohandlesrf 
are  attached  to  the  sides 
of  the  hopper.  Beneath 
the  hopper  two  remov- 
able trays  a  are  set  at 
opposite  angles.  The 
trays  are  made  of  a  light 
frame  covered  with  can- 
vas; sometimes  a  piece  of  blanket  is  used  when  the  gold  is 
very  fine,  but  it  is  not  advisable  in  other  cases,  as  it  is  liable 
to  cause  trouble  by  stretching.  Two  riffles  b  are  placed  at 
an  angle  in  the  tray  to  form  a  pocket.  They  are  usually 
made  of  wood  but  may  be  formed  by  sewing  a  piece  of 
rope  across  the  canvas.  As  a  general  rule  it  is  not  nec- 
essary to  put  riffles  in  the  bottom  of  the  box.  A  handle  d 
is  attached  to  the  side  of  the  box  at  the  point  of  balance 
when  the  cradle  is  working.  If  the  handle  is  not  at  the 
point  of  balance  the  cradle  will  rock  unevenly  and  will 
soon  break  up.  Two  strong  rockers  c  are  placed  on  the 
bottom  of  the  cradle;  from  the  center  of  the  rocker  a  bolt 
projects  about  2  inches  to  fit  into  an  iron  plate  in  the 
frame  on  which  the  rockers  work.  This  keeps  the  cradle 
in  place. 


Fig.  12 
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Ttie  cradle  should  set  at  a  Blight  angle  so  that  the 
(ater  and  dirt  will  run  off,  the  hopper  being  constructed 
that  it  will  be  level  when  the  cradle  is  in  place.  The 
Ihale    apparatus  should    be  made  strong  as  the  .weight 

id  moifejiient  of  the  rocks  and  dirt  produce  considerable 


1 7-     Woj^liliiiic  Trt*marh»'^In  China,  in  the  Malay  Penin- 

ilii,    and    in    the    I'hilippine    Islands,  a    kind    of   shallow 

roufifh  like  a  reversed  house  roof  is  used  for  gold  washing. 

Thi.'*  is  racked  backwards  and  forwards  in  such  a  manner  as 

cause  the  water  to  flow  up  one  side  and  then  up  the  other 

trrying  the  lighter  sand  with  it.     This  action  gradually 

rorks  the  goJd  down  into  the  bottom  of  the  trougli.     The 

levice  i^  easy  to  handle,  but  is  very  slow,  it  being  necessary 

repeat  the  operation  several  times    before  fairly  clean 

|ust  gold  can  be  obtatned, 

18«  The  putlcllliiir  box  is  a  wooden  box  having  a  series 
^f  plugs  in  the  side  and  may  be  round,  square,  or  oblong. 
If  round  it  is  usually  formed  by  sawmg  a  barrel  in  two, 
^ough  In  some  cases  it  may  ha  desirable  to  use  a  much 
irgcr  ;ab  than  can  be  made  in  this  way.  The  box  is  filled 
rith  water  and  gold-bearing  cky  and  then  stirred,  either  by 
Qcaos  of  a  rake,  or  if  a  round  box,  by  a  rotating  drag, 
Tben  the  clay  has  become  thoroughly  mixed  with  the 
pater,  one  of  the  plugs  in  the  side  is  removed  and  the 
ftliddy  water  allowed  to  run  off*  After  this  the  plug  is 
1,  mt^re  w^ater  is  introduced,  and  the  process  repeated, 
roiibly  the  addition' of  some  more  material,  until  the 
ravel  and  black  sand  carrying  gold  dust  rises  to  the  lowest 
The  contents  are  then  shoveled  out  and  \vorked,  in 
or  cradles,  by  hand.  The  water  from  the  puddling 
t>ic  is  frequently  trapped,  settled,  and  used  over  and  oven 
rith  round  boxes,  water  can  be  given  a  rotating  motion 
lat  has*  a  tendency  to  keep  the  fine  material  in  suspension 
3d  thus  make  a  better  separation  than  can  be  accomplished 
the  square  boxes. 
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19*    THe  riounf  Tom*— A  rough  trough  about   12   feet 
long  and  (mm  15  inches  to  '-JO  inches  wide  at  the  upper  end, 

30  inches  wide  at  the  lower 


end,  and  about  8  inches 
deep  is  termed  a  l^oniT 
Tom.  It  is  set  on  timbers 
or  stones,  with  an  inclina- 
tion of  about  1  inch  per 
foot*  The  tower  end  of  the 
box  is  tuitered  at  an  angle 
of  45 "*  and  closed  by  a 
or  riddle  perforated  with  ^-inch  holes. 
Fig,  13  represents  the  Long  Tom  «,  the  sluice  </  that  feeds 
it,  and  the  riffle  box  ^. 

The  material  from  the  sluice  flows  down  over  the  Long 
Torn,  where  it  is  worked  by  means  of  a  rake  or  fork  so  as  lc» 
break  up  the  Uimps  of  clay.  The  finer  material  passes 
through  the  holes  on  the  riddle  at  the  bottom  of  the  Tom^ 


Fig.  !« 
sheet-iron   plate 


^^^^^^^P^ 


'i-»*^^ 


^Umji^ 


♦^•. 


i^ 


rio,  14 


while  the  larger  stones  collect  against  it  and  are  removed 

periodically  by  means  of  a  nhovel  or  fork*     The  fine  material 
passes  thmngh  the  riddle  into  the  rifHe  hnx,  where  the  htrav^er 
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particles,  such  as  gold  dust  or  black  sand,  collect  behind  the 
riffles,  while  the  lighter  are  washed  through.  The  old- 
fashioned  Long  Tom's  length  was  about  14  feet;  it  was 
followed  by  the  **  Victoria"  and  the  **  Jenny  Lind,*'  or 
"Broad  Tom."  The  latter  is  only  from  6  feet  to  7  feet  in 
lenjrth,  12  inches  wide  at  the  upper  end  and  3  feet  at  the 
lower  end.  From  two  to  four  men  work  at  one  washer  of 
this  class,  one  man  being  required  to  rake  and  work  the 
material  in  the  portion  a  and  discharge  the  coarse  gravel 
and  stones  that  collect  against  the  riddle,  while  the  others 
are  employed  in  digging  material  and  shoveling  it  into  the 
trough  a.  The  riffle  box  b  is  placed  at  such  an  inclination 
that  the  water  passing  over  it  will  allow  the  bottom  to 
remain  covered  with  a  thin  coating  of  dirt.  Sometimes  a 
little  mercury  is  placed  behind  the  riffles  to  assist  in  retain- 
ing the  gold,  and  at  times  the  riffle  box  is  supplemented  by 
a  series  of  sluice  boxes,  which  may  be  provided  with  blankets 
in  the  bottom  for  catching  the  very  fine  gold.  Toms  are 
periodically  cleaned,  the  gold  and  amalgam  being  collected 
from  the  riffles  and  washed  in  cradles  or  pans.  Fig.  14 
shows  three  men  working  at  a  **  Broad  Tom." 


SLUICING 

20.  Sluices. — When  washing  gravel  by  means  of  a  Tom 
only  comparatively  fine  sand  or  gravel  goes  to  the  riffle  box; 
on  this  account  quite  a  good  separation  can  be  made  with  a 
short  series  of  riffles,  but  it  is  usual  to  add  one  or  two  riffle 
boxes  to  form  a  short  sluice.  Owing  to  the  fact  that  the 
capacity  of  the  Tom  is  limited  and  that  the  labor  involved 
in  washing  material  and  shoveling  out  the  large  stones*  is 
considerable,  this  form  of  apparatus  is  unsuited  for  working 
large  quantities  of  comparatively  low-grade  material;  for 
which  purpose,  therefore,  sluices  were  introduced.  In  the 
sluice  all  the  material  is  passed  through  a  series  of  boxes, 
and  the  coarse  stones  are  depended  on  for  grinding  and 
disintegrating  the  masses  of  clay,  etc. 
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The  term  slnlclng  is  applied  to  washing  material  down 
any  channel,  whether  it  be  a  box,  a  ditch  dug  in  the  ground 
on  bed  rock,  or  a  natural  ravine;  but  when  the  material 
is  washed  over  natural  surfaces,  it  is  called  ground  slui- 
dug  to  distinguish  it  from  box  sluicing.  Sluice  boxes  are 
made  of  boards  and  vary  in  width  from  1  foot  to  over  5  feet, 
and  in  depth  from  8  inches  to  2  feet,  or  more;  they  are 
usually  made  in  sections  from  12  to  14  feet  long.  For  work- 
ing shallow  deposits  where  the  material  is  shoveled  into  the 
sluice,  the  boxes  are  ordinarily  from  16  to  18  inches  wide 
and  from  8  to  12  inches  deep;  they  are  frequently  con- 
structed slightly  narrower  at  one  end  than  at  the  other,  so 
that  they  will  telescope  one  into  the  other.  The  advantage 
of  this  construction  is  that  the  sluice  box  can  be  quickly 
taken  up  and  placed  in  a  different  position. 

!21  •  IJox  sluicing  is  carried  on  by  hydraulicking,  manual 
labor,  or  mechanical  excavators.  Fig.  15  shows  one  method 
practiced,  where  the  material  is  shoveled  into  sluice  boxes. 
The  coarse  stones  are  washed  in  the  sluice  box  and  then 
thrown  out,  as  shown  by  the  pile  b.  In  this  case  only  the 
lower  8  feet  of  the  bank  is  gold  bearing,  hence,  considerable 
time  and  labor  must  be  expended  in  removing  the  barren 
dirt.  The  pay  dirt  being  quite  rich,  it  pays  the  miners  to 
follow  this  method  of  mining.  Larger  operators  break 
down  the  material  with  streams  of  water;  then  scoop  up  the 
material  in  scrapers  that  receive  power  from  a  stationary 
engine ;  raise  the  scraper  and  contents  to  a  cableway  that 
connects  with  a  tower  having  sluice  boxes  in  which  are 
rifiies  for  catching  the  gold. 

Fig.  IG  shows  the  method  of  sluicing  just  described.  The 
scraper  bucket  a,  attached  to  a  wire  rope  b,  is  raised  to  the 
cableway  as  shown  in  Fig.  17,  and  conveyed  to  the  elevated 
hopper  c.  The  contents  are  dumped  into  the  hopper  and 
washed  over  screen  bars,  the  fine  material  passing  through 
into  the  sluice  </,  while  the  coarse  material  passing  over 
the  bars  into  a  rock  chute  f  accumulates  in  the  pile  shown 
in  the  illustration.     This  system  is  followed  with  success  at 
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cases  that  the  sluice  be  convcnienUy  near  the  level  of  lh< 
ground  at  the  point  where  the  pay  dirt  is  introduced,  smc( 
this  has  an  influeitce  ott  the  grade  as  well  as  the  pay  dir 
and  the  Uniuth  of  the  sluice;.  The  steept^r  the  grade  tli< 
quicker  is  the  dirt  washed  away  by  the  force  of  the  water, 
and  hence  the  more  material  can   be  washed;   tough  cla; 


I'riw?^ 


'^<^ 


'f^- 
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dues  not  break  up  as  quickly  in  a  slow  current  as  in  a 
one.      In  $hort  sluices   the   j^rade  should  be  comparative^ 
h'gbt,  as  there  ts  morr  danger  of  the  fine  gold  being  lost 
iher  short  stuiccfi  than  in  the  limg  ones.    When  working 
clay-cemcntcd  gravct  the  sluices  are  usualJy  ^iven  constJ 
eralile  g^rade,  and  numerous  stej«i  ure  also  provided  to  hast 
disintegration. 
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As  ordinary  pay  dirt  is  generally  completely  disintegratet] 
ihe  first  200  feet  of  a  moderately  low-grade  sluice,  the 
Extra  leng^th  beyond  this  is  useful  only  for  catching  the  gold, 
'«>metimes,  therefore,  the  grade  of  the  last  part  of  the 
lluice  i^  reduced.  When  the  grade  of  the  sluice  is  very  lowr^ 
ly  1  foot  in  40  or  50,  the  gold  is  easily  caught,  and  much 
:>f  ii  would  rest  even  upon  the  smtxjth  floor  of  the  sluice, 
Init  additional  means^  such  as  riflfles,  are  usually  employed* 


J-4* 


,,^-t  \ 


Pig-  17 

bere  the  grade  of  a  sluice  changes,  the  larger  stones  are 
'  *  '    *.  '    and  cause  the  sluice  to  overflow,  hence  par* 

.>ri  must  be  paid  to  this  point.     For  removing 
Blf>neft  (ram   the   sluice,  forks  constructed   so  as  to  have 
sveral  prongs  are  used. 

83,  Ulfne«, — If  wooden  sluice  boxes  were  not  lined  with 
Ifalse  ImiUmis  and  sides,  the  gravel  would  Koon  destroy  tlietn. 
f  The  sides  are  usually  lined  with  planks,  but  the  false  bottom 
1  U  gencriifly  in  the  form  of  rt^ts,  which  assist  in  catching 
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and  holding  the  gold.  Riffles  are  sometimes  crevices 
between  the  floor  lining,  at  other  times  they  are  simply 
strips  of  material  fastened  at  right  angles  to  the  length  of 
the  sluice  box,  and  again  they  may  be  formed  by  leaving 
spaces  between  false  bottoms,  which  are  constructed  with 
strips  of  boards  placed  at  right  angles  above  the  sluice 
box  floor  and  to  which  the  false  bottom  is  fastened.  The 
object  of  riffles  is  to  afford  a  place  where  the  gold  will 
lodge,  and  from  which  it  may  be  recovered.  Sometimes  the 
riffles  are  charged  with  mercury,  which  assists  in  holding 
the  fine  gold  that  might  otherwise  become  dislodged  and 
float  away.  There  is  not  much  danger  of  losing  the  coarse 
gold  after  it  has  once  been  lodged.  The  specific  gravity  of 
mercury  is  13.6;  ordinary  stones  will  not  therefore  sink  in 
mercury,  but  will  wash  over  it;  gold  has  a  specific  gravity 
of  19  and  platinum  21.5,  so  that  they  will  sink  through  the 
mercury.  Compact  platinum  will  not  amalgamate  with 
mercury,  while  gold  will,  hence  it  may  sometimes  be  sepa- 
rated from  the  gold.  Silver  may  be  amalgamated  by  mer- 
cury, and  fine  gold  is  quickly  absorbed,  while  coarse  gold  is 
amalgamated  slowly. 

24,  IJar  riffles  are  composed  of   bars   or   slats   placed 
longitudinally  in  the  sluice.     They  are  usually  constructed 

in  sections  of  such  a 
length  that  it  requires  two 
sections  to  each  sluice  box ; 
this  would  make  the  rif- 
fles about  6  feet  long.  The 
^*^- ^^  slats  are  held  apart  by 

small  wedges  and  nailed  across  the  ends  to  strips.  They 
are  held  down  in  the  sluice  boxes  by  wedges  or  by  having 
strips  nailed  longitudinally  above  them  to  the  sides  of  the 
sluice  box.  Fig.  18  shows  the  arrangement  of  a  set  of 
riffle  bars.  The  bars  composing  the  riffles  may  be  made  of 
2-inch  or  4-inch  lumber  4  inches  or  6  inches  wide. 

25.  I^onKitudliial    Steel-Shod   Riffles. —  A     form     of 
longitudinal  riffle  very  effective^  in  saving  gold  is  made  of 
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1.5-inch  square  steel  bars  about  6  feet  long.  These  are 
fastened  to  the  edge  of  planks  1.5  inches  thick  and  6. 5  inches 
deep,  which  are  set  edgewise  in  the  sluice  about  1  inch  apart, 
and  are  held  in  this  position  by  placing  cleats  between  them 
at  intervals.  It  is  estimated  by  some  that  100  feet  of 
steel  riflSes  are  capable  of  collecting  more  gold  than  1,000  feet 
of  wooden  block  or  rock  riffles. 

26.  Block  Riffles. — Where  large  quantities  of  pebbles 
and  boulders  are  passing  through  the  sluice,  ordinary  longi- 
tudinal riffles  wear  rapidly.  To  lessen  this  wear  riffles  made 
of  wooden  blocks  sawed  across  the  grain  are  placed  as 
shown  in  Fig.  19.  These  are  held  in  place  by  having 
strips  of   wood  nailed    to   them.       By  this   means    narrow 
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spaces  are  left  between  blocks,  which  are  effective  in  collect- 
^^%  gold.  Sometimes  round  blocks,  Fig.  20,  take  the  place  of 
square  blocks,  shown  in  Fig  19.  These  are  held  in  place  by 
"^^^g  nailed  to  transverse  strips,  as  in  the  case  of  the  square 
blocks.  One  series  of  blocks  is  started  from  one  side  of  the 
sluice  and  the  rest  from  the  opposite  side,  so  that  if  the  sets 
01  blocks  do  not  reach  entirely  across,  the  spaces  left  will 
not  form  a  channel.     The  blocks  for  lining  the  bottom  of 
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sluices,  whether  square  or  round,  are  usually  from  8 
to  12  inches  high  and  when  worn  down  to  3  or  4  inches  they 
are  discarded. 


27. 

rocks. 


Uoek 

These 


and  arranging  them 
arranged   in  sections 
nary  sluice   box,   with 
between  them. 


Iliffles. —  Sometimes  sluices  are  paved  with 
riffles  may  be  of  squared  rocks  that  have 
been  quarried  and  dressed  approxi- 
mately like  paving  stones  and  then 
arranged  in  the  sluice  in  5-foot  or 
6-foot  sections.  Between  each  trans- 
verse row  of  rocks  a  piece  of  timber 
is  securely  fastened  across  the  bottom 
of  the  sluice,  so  that  in  case  some  of 
the  stones  should  become  loosened, 
the  flow  of  the  material  through  the 
sluice  cannot  rip  up  the  entire  series 
of  riffles  from  one  end  to  the  other, 
and  carry  the  gold  caught  into  the 
tailings.  Another  class  of  rock  rif- 
fles is  formed  by  simply  selecting 
water-worn  boulders  or  cobble-stones 
as  shown  in  Fig.  19.  They  are  also 
of  about  half  the  length  of  an  ordi- 
pieces   of   timber   securely  fastened 


2S.  Iron  Kiffles. — Sometimes  the  riffles  at  the  head 
of  the  sluice  are  of  iron  or  the  entire  sluice  may  be 
fitted  with  iron  riffles.  Fig.  21  illustrates  several  forms  of 
iron  riffles:  View  (a)  represents  a  set  of  cast-iron  riffles  that 
are  plar^d  in  the  sluice  so  that  the  material  flows  in  the 
direction  indicated  by  the  arrow.  This  particular  form  has 
been  found  very  effective.  In  one  case  8  feet  of  such  riffles 
made  in  sections  of  about  15  inches  each,  were  placed  at  the 
head  of  a  sluice  100  feet  long,  and  caught  98  per  cent,  of  all 
the  gold.  These  riffles  are  usually  cast  in  sections  15 
or  U)  inches  long  and  of  the  width  of  tlie  sluice.  The  suc- 
ceeding riffles  are  held  in  place  by  plates  cast  across  the  end 
'  of  each  section.     View  (d)  represents  a  series  of  angle-iron 
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riffles  that  are  secured  at  the  ends  by  riveting  them  to  a 
longitudinal  strip  or  by  any  other  simple  device,  such  as 
placing  blocks  on  the  sides  of  the  sluice  so  as  to  hold  them 
in  place.  These  riffles  have  been  used  in  many  instances, 
especially  in  Australia,  New  Zealand,  and  South  America. 
View  {c)  represents  a  form  of  cast-iron  riffle  in  which  the 
width  of  the  riffle  is  equal  to  the  width  of  the  pocket,  which 


r'i'-r-lih 
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has  vertical  sides;  the  advantage  of  these  riffles  is  that 
they  are  strong  and  wear  well  when  used  in  sluices  through 
which  large  quantities  of  heavy  material  pass,  but  they  have 
not  proved  to  be  as  close  savers  as  some  of  the  others. 
View  (d)  shows  a  riffle  whose  width  is  only  one-fifth  that  of 
its  pocket;  these  riffles  have  been  used  in  cases  where  all 
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the  coarse  material  has  been  removed  from  the  gravel  by 
means  of  a  trommel,  or  revolving  screen.  They  have  proved 
to  be  exceedingly  close  savers  and  retain  nearly  all  the  gold 
in  the  gravel. 

29.  Rail  Riffles. — Where  heavy  cement  gravel  is  being 
washed,  longitudinal  riffles  are  sometimes  made  by  placing 
iron  rails  in  the  bottom  of  the  sluice.  This  greatly  reduces 
the  wear  and  tear  and  forms  a  good  surface  for  steep  por- 
tions of  sluices  where  the  greatest  part  of  the  grinding  takes 
place  while  the  cement  gravel  is  being  reduced  by  means 
of  the  boulders  in  the  material. 

30.  Zigzag:  Riffles. — Where  considerable  quantities  of 
fine  gold  are  present  in  the  gravel,  zigzag  riffles  are  some- 
times employed.  These  extend  only  partially  across  the 
sluice  and  from  alternate  sides,  so  that  the  current  carrying 
the  fine  sands  is  made  to  pass  backwards  and  forwards  from 
side  to  side  of  the  sluice.  This  character  of  riffles  is  sup- 
posed to  assist  in  amalgamating  the  fine  gold,  the  amalgam 
being  caught  farther  down  the  sluice  by  means,  of  ordinary 
riffles. 

31.  Riffles  In  General. — In  selecting  riffles,  it  will  be 
necessary  to  consider  the  character  and  quantity  of  the 
material  that  is  to  be  passed  over  them,  the  amount  of 
water,  and  thu  ^rade  of  the  sluice.  Some  riffles  suitable  for 
dealini^  with  VdViyv,  amounts  of  coarse  material  are  not  as 
effective  as  others  for  the  fine  material,  while  some  riffles 
that  are  especially  adapted  for  fine  material  are  not  well 
suited  for  coarse  material;  for  instance,  the  form  shown  at 
Fig.  *Z1  {c/)  is  intended  for  fine  material,  while  the  forms 
shown  at  (a),  {/?),  and  {c)  are  intended  for  handling  coarse 
or  fine  material  as  it  may  come.  Block  and  stone  riffles  are 
about  equally  efficient  with  coarse  or  fine  material,  but 
the  stone  riffles  wear  longer  when  large  stones  are  passed 
through  the  sluices.  Where  much  of  the  gold  is  saved  by 
amalgamation,  block  riffles  made  of  soft  wood  seem  to  be 
most  effective,  as  they  broom  up  and  thus  retain  the  small 
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irticles  of  amalgam  and  the  gold.  Where  block  riffles  are 
pmpluyed,  the  crevices,  or  cracks,  of  the  old  blocks  frequently 
coniain  a  considerable  ainoimt  of  gold,  so  that  it  pays  to 
3urti   the  old   blocks  and  pan  the  gold  out  o£  the  ashes. 

tiffles  may  be  formed  in  bed-rock  shiices  by  cutting 
{TOO ves  across  their  floors;  these  arc  considered  much  bet* 
ter  than  wooden  rifHes  because  they  wear  lunger  and  can, 
with  little  trouble^  be  deepened  when  they  become  worn, 

32«  FntlepenfTpnts. — In  order  to  catch  the  fine  gold 
running  through  sluices,  it  is  necessary  that  velocity  of 
turreot  and  depth  of  flow  be  reduced.  To  accomplidi  this, 
"^tiic  widtii  of  the  Hume  is  increased  far  a  distance,  while  in 


mm* 


p^ 


fi^tii^rt  on  A  B 


Fig.  £1 

Uhe  bottom  of  the  regular  flume  is  placed  a  grating,  cora- 

|pf73ied  of  iron  bars,  set  across  the  flume,   from  j  inch  to 

inch  apart,  as  shown  in  Fig.  23.     The  fine  material  drops 

througb   between  the  bars,  while  the  coarse  stones  and  a 
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portion  of  the  water  continue  in  the  main  flume.  The  flocr= 
or  pavement  of  the  sluice  should  be  at  least  1  inch  high^=- 
than  the  grating  to  prevent  the  latter's  clogging.  In  orders 
to  maintain  this  condition,  it  is  necessary  to  frequentl^3 
renew  the  portion  of  the  pavement  immediately  before  th-^ 
grating. 

In  the  undercurrent  illustrated,  after  the  material  passes 
through  the  grating  at  a^  it  flows  through  a  sluice  b  placed 
at  right  angles  to  the  regular  sluice,  and  provided  with  block 
or  cobblestone  riffles.  This  transverse  sluice  b  has  a  slight 
grade  as  it  recedes  from  the  main  sluice,  and  it  also  becomes 
slightly  narrower.  It  is  provided  with  wings  or  distributing 
boards  (not  shown  in  the  drawing)  that  distribute  the  flow 
over  the  various  sections  of  the  undercurrent  proper.  In 
the  undercurrent  shown  in  the  illustration,  the  two  outside 
sections  are  paved  for  a  short  distance  with  cobblestones, 
and  for  the  balance  of  their  length  with  longitudinal  riflSes, 
while  the  two  central  sections  are  paved  entirely  with  cobble- 
stones. Such  an  undercurrent  is  intended  to  handle  any- 
thing that  will  pass  through  the  spaces  of  the  grizzly.  The 
grade  of  the  undercurrent  may  be  greater  or  less  than  that 
of  the  sluice,  depending  much  on  the  character  of  the  riffles 
employed. 

When  there  are  several  undercurrents,  the  under  one  may 
be  constructed  as  shown,  or  it  may  have  cobblestones,  or 
block  or  iron  riffles  throughout,  and  have  a  grade  some- 
what steeper  than  that  of  the  sluice,  the  depth  of  the  flow 
being  reduced  to  1  or  2  inches.  The  material  that  passes 
over  the  undercurrent  is  if  possible  returned  to  the  main 
sluice,  and  frequently  the  coarse  stones  that  will  not  go 
through  the  grating  a  are  passed  over  a  drop  in  the  main 
sluice,  which  has  a  tendency  to  pulverize  any  balls  of  clay  or 
to  break  up  any  portions  of  cement  gravel  that  may  have 
been  carried  to  this  point.  The  next  undercurrent  would 
probably  be  provided  with  a  somewhat  flatter  grade  than 
the  first,  and  possibly  with  a  different  form  of  riffle.  Some- 
times the  last  undercurrent  is  made  much  wider  than  the 
first,  given  a  very  slight  grade,  sometimes  as  little  as  3  inches 
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in  12  feet,  and  is  lined  with  carpet,  blankets,  or  burlap  to 
collect  float  gold.  The  width  of  the  undercurrent  is  usually 
from  five  to  ten  times  that  of  a  sluice,  while  its  length  may 
vary  from  20  to  50  feet.  It  is  sometimes  possible  to  arrange 
an  undercurrent  at  such  a  place  that  the  coarse  stones  that 
pass  over  the  grating  are  discharged  over  a  precipice,  while 
all  the  material  that  passes  through  is  taken  to  the  under- 
current. 

33.  Gold-Saving:  Tables. — Undercurrents  that  are  con- 
structed in  sections  are  called  grold-savlng:  tables ;  Fig.  23 
shows  such  an  arrangement.  The  sluice  above  the  table  is 
made  double,  so  that  either  portion  of  it  can  be  cleaned  up 
separately,  or  the  gates  above  a  can  be  removed  and  both 
portions  employed  at  the  same  time.  The  main  sluice 
from  a  to  d  has  no  pavement,  but  is  provided  with  an  iron 
floor  perforated  with  small  holes.  The  fine  material  passes 
through  these  holes  and  on  to  the  tables  at  the  right  and 
left,  flowing  in  the  direction  of  the  arrows. 

These  tables  may  be  covered  with  canvas,  carpet,  or 
burlap,  or  they  may  be  provided  with  fine  riffles;  usually 
they  are  covered  with  some  fibrous  material.  After  the  fine 
material  has  passed  over  the  tables,  it  is  taken  by  the 
branch  sluices  to  the  main  sluice  lower  down.  Below  the 
point  d,  the  main  sluice  has  a  series  of  steps  paved  with 
iron  riffles  that  disintegrate  any  material  that  has  not  been 
broken  above  that  point.  Any  section  of  the  tables  may 
be  cleaned  by  turning  the  material  from  it  on  to  the 
adjoining  sections  by  means  of  deflecting  boards  under  the 
main  sluice. 

Gold-saving  tables  similar  to  those  shown  in  the  illus- 
tration are  used  in  South  America,  Australia,  and  New 
Zealand.  The  riffles  are  usually  made  similar  to  those 
shown  in  Fig.  21  (^),  and  the  main  sluice  is  lined  with  cocoa 
matting  before  the  riffles  are  put  in  place;  this  cocoa  mat- 
ting serves  to  hold  any  fine  gold  that  might  otherwise 
escape,  and  also  to  prevent  currents  from  flowing  under  the 
riffles. 
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S4*    riiarifliiiHf  the  Hlulfes*— When  commencing  opera- 

Otis  at  a  pliircr  mine,  the  siujties  are  examined  to  see  that 

ley  are  watertight.     Then  water  is  turned  into  the  pipes 

id  material  rtin  through  the  sluices  for  a  day  or  more  to 

ack  thcni  with  sand  and  gravel.     The  water  is  then  shut 

and  a  charge  of  quicksilver  put  into  the  upper  portion  of 

ic  sluices.     In  the   case  of   very  long  sluices,  quicksilver 

ly  be  put  into  the  first  '^00  or  liOO  feet  of  the  boxes  and  a 

ciall    quantity    distributed    throiigb    all,    except   the    last 

K)  feet  of  the  line;  in  the  case  of  a  li-foot  sluice,  the  first 

large  may  require  as  much  as  3  flasks,  or  *^%9.5  pounds, 

^he   undercurrents  are   charged   at  the   same  time,  and  a 

amount  of   quicksilver    put    into  the   tailings  sluice. 

ily  lessening  quantitteiv  uf  quicksilver  are  added  daily 

:hc  run,  the  object  being  to  keep  the  surface  of  the 

ierctif)'  uncovered  and  clean  on  the  riffles  in  the  upper  per- 

ton  of  the  sluice;  hence  the  quantity  charged  is  regulated 

ly    tile  amount   ex()osed    to  view.     In  large  placer-mining 

rations  two  or  more  tons  of  quicksilver  may  be  required, 

tifjn  being  placed  in  the  sluice  and  the  remainder  being 

'in  reserve  for  use  as  needed,     A  ::i4:-foot  undercurrent 

ly    be   given    from    BO    to  90  pounds  of    quicksilver.     In 

'I*?  riffles,  the  quicksilver  should  not  be  sprinkled 

i,  as    by   this  action   the   mercury  is  reduced  to 

iicb  small  particles  that  ibey  arc  readily  carried  away  by 

tream.     The  surface  of  the  water   from  mining 

'  n    yields   minute    particles   of   quicksilver,    and 

imetitiies  float  gold. 

1  Stales  the  iron  tlasks  in  which  quicksilver 
I  in  TlSJ  pounds. 


3S.     Ilbttrlbunon  of  Cioiu  in  .Sliitees. — In  sluicing,  the 

Boater  part   ot   the   gold,  usually  at  least   HO  per   cent.,  is 

jht  in  the  first  5lt)0  feet  (if  the  sluice.     For  example,  in  a 

^000    on    a    100-d;iys'    run,    154,000    was 

Mi^t  150  feet  and  ^:iono  from  the  under- 

reats;  the  second  undercurrent,  containing  33  percent. 

the  grossi  undercurrent   yields  was  78   feet   distant  and 
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40  feet  below  the  first.  The  last  undercurrent  was  98  feet 
from  the  second,  with  a  drop  of  50  feet  between  them;  its 
yield  was  about  $500.  The  balance  of  the  gold  was  obtained 
from  the  bed  rock  above  the  sluices.  Another  case  has 
been  mentioned  where  8  feet  of  iron  riffles  at  the  head  of  a 
sluice  caught  98  per  cent,  of  the  gold,  the  other  2  per  cent, 
being  distributed  over  92  feet  of  block  riffles. 

36.  Gronnd  slnlcing:  is  much  more  rapid  than  manual 
labor,  and  has  been  used  in  many  cases  to  feed  the  material 
into  the  sluices.  The  operation  consists  in  permitting  a 
stream  of  water  to  flow  along  the  surface  of  the  ground  and 
into  the  end  of  the  sluice.  This  stream  loosens  and  carries 
with  it  much  of  the  gravel  and  earth;  its  action  is  often 
assisted  by  men  who  stand  in  the  stream  or  on  the  bank  and 
loosen  the  material  with  pickaxes,  bars,  or  shovels.  By  this 
means  one  man  can  sometimes  run  more  gravel  into  the 
sluice  in  a  day  than  he  would  be  able  to  s  vel  in  a  month. 
Ground  sluicing  naturally  partakes  of  th  nature  of  flume 
sluicing,  and  the  current  tends  to  sort  the  material,  leaving 
the  boulders,  coarse  gold,  and  black  sand  on  the  bed  rock. 
The  streams  of  water  that  flow  over  the  bank  and  affect  the 
ground  sluice  are  sometimes  called  flume  waterfalis. 


37.    Booming:  is  ground  sluicing,  on  a  large  scale,  by 
means  of  an  intermittent  supply  of  water.     The  water  is 

frequently  collected  behind 
a  dam  with  an  automatic 
gate,  working  somewhat 
like  that  shown  in  Fig.  24 
When  the  dam  is  full  of 
water,  the  overflow  fills 
the  small  tank  that  oper. 
ates  the  gate.  The  weight 
of  the  water  in  the  tank 
opens  the  gate,  so  that 
F»«-  34  the  entire    mass  of  water 

in  the  reservoir  escapes  with  a  rush  and  carries  the  material 
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rforc  It  into  the  sluices  or  down  through  the  gulch.     The 

ih  uf  the  water  lets  the  heavier  particles  of  gold  and  the 

black    magnetic  iron   sand   settle   on  the   bed   rock  or  in 

le  sluice;  these  are  subsequently  collected  and  washed  in 

ins  or  cradles.     When  the  small  tank  containing  the  water 

Irops,  a  trap  valve   in  its  bottom  is  opened,  allowing  the 

Br  in  the  tank  to  escape;  when  this  has  taken  place,  the 

closes  of  its  own  weight,  thus  returning  the  tank  to  its 

)rmer  position. 


4^- 
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Wing:  Dams, — The  material  below  the  level  of  a 
im  may  be  worked  by  means  of  wlii^  dains  similar  to 
that  shown  in  Fig,  %B. 
The  stream  is  dammed 
id  the  water  carried 
one  side  either 
dttch  or  flume* 
That  portion  of  the  bed 
sparatedfrom  the  eur- 
it  is  pumped  com- 
rsirat  i  ve  I  y  dry  by 
teans  of  hydraulic 
elevators,  power 
>amps,  waterwheels^ 
■'^e  pumps.  In 
.1,  a  modified  form  of  Chinese  pump  is  in  operation. 
)fi  the  right  of  the  figure  will  be  seen  an  undershot  water- 
wheel,  which  operates  the  pump  at  the  left  of  the  figure. 
i*hbi  pump  consists  of  a  large  wheel  around  which  is  passed 
,  vhsLin,  which  carries  the  buckets  that  lift  the  gravel  and 
br  to  one  of  the  sluices  shown  at  the  left  of  the  figure, 
•other  sluice  is  the  gravel  sluice,  which  is  supplied  with 
rater  from  the  stream  above  the  dam  for  washing  the 
ravel  taken  from  the  river  bed. 

At  Oroville,  California,  head  dams  and    foot  dams  were 

Biructcd  1)  miles  apart,  the  object  lacing  to  work   the 

^Tcr  bed    between    them    for    gold,     The    river,    which    at 

m  place  is  from  200  to  300  feet  wide,  and  from  20  tu 


Ft«.  as 
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30  feet  deep,  had  its  course  changed  by  means  of  win^ 
dams;  this  being  accomplished,  the  water  between  the 
dams  was  pumped  out  by  means  of  hydraulic  elevators. 
Three  such  elevators  placed  24  feet  below  the  surface, 
disrharged  18,000, 000  gallons  of  water  each  24  hours. 


HYDRArLICKING 

39,     The  origin  of  hydraulit^  mining  is  usually  credited  (ol 
Edward  Mattisun,  of  Connecticut,  who  was  working  in  the 

placer   mines  of  Calt*J 
fornia.       He     conceived^ 
the  idea  of  directing  a 
stream  of   water,  under 
pressure,     against    the, 
gravel  bank  from  a  noa- 
de,  and  so  doing  awa)*^] 
with    the    pick  and    barj 
necessary  in  ground  slui* 
cing  and  flume  waterfall  1 
work.     He  conveyed  the 
water  through  a  rawhide . 
ho^ie    having    a   woodenl 
nozzle,  and  discharged  iti 
fA       against  the  bank  in  thej 
manner  shown  in  Fig,  S^,| 
Others  soon  took  up  thai 
method,  and  the  size  of  J 
the     hose     and    noz2lcsl 
rapidly    increased ;     biiti 
these  pipes  gave  a  great  deal  of  trouble  by  bucking,  knock- 
ing the  men  down,  and  causing  considerable  damage;  stove 
pipes   then    replaced  the    rawhide,  and    finally  the  modenil 
pi[jijig  arrangements  with  the  noKzle  known  as  the  giantj 
was  perftjcted. 

40p    Water  Supply. — The  first  consideration  in  hydrau^ 
lickmg  is  the  ^vater  stipiily,  for  on  this  the  mining  de]ietidj$ 
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The  water  supply  lot  placer  operations  may  be  obtained 
from  r  '  ams,  melting  snows,  and  rains.     The  snow 

that  a  oti  the  rnonntains  during  the  winter  and 

ihc  heavy  rains  of  the  spring  furnish  enormous  volumes  of 
watrr  that  rush  down  the  gullies  and  ravines,  and,  if 
ira|>ounded,  can  be  made  to  do  service  in  liydranlicking,  In 
^  case  the  country  is  timbered,  the  streams  may  furnish  a 
SI'"  r^ly  tlircnighnut  the  year;  but  near  the  timber 

lit,  parse  ly  timbered  district,  tlie  water  rtms  off  in 

the  spring,  leaving  the  streams  dry  later  in  the  year.  In 
order  to  provide  a  supply  of  water  for  hydraulic  mining 
in  snch  a  region,  it  becomes  necessary  to  collect  the  water  in 
n  reservoir^  from  which  it  is  drawn  for  use  during  the  dry 
season. 

41,  Bnrvey  of  Wat^r  Hupply,^ — To  ascertain  the 
qiuinUCy  of  water  that  will  be  available  in  any  district  for 
hydraulicking,  a  survey  of  the  watershed  and  the  measure- 
mcnl  of  tbe  streams  that  can  furnish  a  supply  are  necessary, 
Th«?  neJEt  step  is  to  determine  a  site  for  a  dam,  which  when 
constructed  will  form  a  reservoir  that  will  contain  sufficient 
water  to  permit  work  to  be  carried  on  continuously  during 
the  summer  months.  If  no  such  [>lace  is  available,  a  series 
ol  daititi  to  form  storage  reservoirs  may  be  constructed, 
which  will  answer  the  same  purpose  as  one  large  reservoir, 
Tbc  rievatitm  of  the  proposed  reservoir  above  the  mine  is 
next  determined,  and  the  least  grade  that  will  answer  for 
the  flumeii  ascertained.  It  is  usual  to  make  the  pipe  line 
from  the  flumes  to  the  mine  straight,  and  at  the  same  time 
obtain  all  the  head  of  water  possible. 


MKAStnUHa  STREAMS 

Ortii^ln^  hy  V  Xotuli* — A  right-angled  V  notch 
cut  i>mui  thin  sheet  iron  is  sometimes  used  for  gauging 
filnikli  filreams  uf  water  that  will  flow  through  troughs;  the 
QOieh  i»  fitted   in  one  end  of  a  box,  as  shown  in   Fig*  Wt* 
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The  edge  of  the  plate  forming  the  notch  must  be  sharp,  the 
inside  face  being  at  right  angles  to  the  surface  of  the  still 
water,  and  the  bevel,  if  any,  must  be  away  from  the  water. 
To  prevent  surface  currents  in  the  box,  baffle  boards  are 
placed  as  shown,  in  the  illustration,  by  dotted  lines.  These 
compel  the  water  to  flow  as  shown  by  the  arrows.  The 
distance  a  of  the  surface  of  the  water  below  the  top  of  the 
notch  is  taken  at  least  18  to  24  inches  back  from  the  notch, 
where  the  water  surface  is  level.  This  distance  subtracted 
from  the  total  depth  H  of  the  notch  gives  the  head  h  of 
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water  passing  over  the  notch.  This  head  may  be  obtained 
as  follows:  A  straight  edge  or  level  is  placed  on  the  weir 
plate  /*,  so  as  to  extend  back  over  the  surface,  and  the  sur- 
face of  the  water  is  measured.  This  distance  subtracted 
from  H  leaves  //,  which  is  the  depth,  or  head,  of  water  in 
the  notch.  This  head  may  also  be  obtained  by  measure- 
ments from  the  bottom  of  the  box,  in  which  case  the  height 
of  the  bottom  of  the  notch  above  the  bottom  of  the  box  will 
be  subtracted  from  the  depth  of  water  in  the  box.  This 
depth  may  be  obtained  by  measuring  with  a  rule,  or  scale, 
which  extends  to  the  bottom. 

The  discharge  in  cubic  feet  per  second  is  equal  to  .0051 
times  the  square  root  of  the  fifth  power  of  the  head  expressed 
in  inches.  Table  I  gives  the  discharge,  in  cubic  feet  per 
minute,  through  the  right-angled  V  notch  for  heads  h  vary- 
ing from  1.05  inches  up  to  12  inches. 
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43.  A  -weir  is  an  obstruction  placed  across  a  stream  for 
the  purpose  of  diverting  the  water  so  as  to 'make  it  flow 
through  the  desired  channel.  This  channel  may  be  an 
opening  in  the  obstruction  itself,  and  it  has  been  found  that 
when  properly  constructed  and  carefully  managed,  such  a 
weir  forms  one  of  the  most  convenient  and  accurate  devices 
for  measuring  the  discharge  of  streams.  Many  careful 
experiments  have  been  made  to  determine  the  quantity  of 
water  that  will  flow  over  different  forms  of  weirs  under 
varying  conditions.  As  the  result  of  these  experiments, 
two  forms  have  come  into  general  use,  and  the  amount  of 
flow  over  either  can  be  determined  by  simple  formulas  and 
coefficients  that  depend  on  observed  conditions. 

A  iccir  ivith  end  couiractious  is  shown  in  Fig.  28  (a).  The 
notch  is  narrower  than  the  channel  through  which  the  water 
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ordinarily  flows,  thus  causing  a  contraction  at  the  bottom 
and  two  sides  of  the  issuing  stream. 

A  ivcir  ivithout  end  contractions,  also  called  a  weir  with 
end  contractions  suppressed,  is  shown  in  Fig.  28  (b).  In  this 
case  the  notch  is  the  full  width  of  the  channel  leading  to 
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I  it,  and  consequently  the  stream  issuing  is  contracted  at  the 
bottom  only. 

44,  Crest  of  the  Weir,— The  edge  ij,  Fig.  28  (r)  and  {*/), 
id  called  iht?  i-i*e*^t  of  lUe  weir;  it  should  be  beveled  so 
that  the  water  in  passinjj  over  it  touches  only  a  sharp  edge. 
For  very  accurate  work,  both  side  and  bottom  edges  should 
be  made  from  thin  plates  of  metal  having  a  sharp  inner 
CEclge,  as  fihown  at  n.  Fig.  28  {r)»  but  for  ordinary  work  the 
edgirs  of  the  board  in  whirh  the  notch  is  cut  may  chamfer 
off,  as  shown  in  0).  Frequently  this  edg^  is  not  made 
absolutely  sharp,  but  is  left  flat  for  about  i  inch,  so  as  to 
increase  the  strength  of  the  edge  and  to  decrease  the  liability 
of  its  l>eing  damaged.  The  bottom  edge  of  the  notch  must 
be  straight  and  perfectly  level;  the  sides  must  be  at  right 
angles  to  the  bottom.  The  inside  edges  of  the  notch  must 
always  be  in  a  plane  at  right  angles  to  the  surface  of  still 
water*  The  liead  //  producing  the  flow  is  the  vertical  dis- 
tance from  the  crest  of  the  weir  to  the  surface  of  the  water, 
as  shown  in  Fig,  ',!8  {c)  and  {J):  this  head  must  be  measured 
at  a  |>otnt  sufficiently  back  from  the  crest  so  that  the  sur- 
face of  the  water  is  not  affected  by  the  curvature  of  the 
Mreattt  flowing  ovv^r  the  weir 

The  distance  from  the  crest  of  the  weir  to  the  bed  of  the 
slrcam  should  be  at  least  three  limes  ihe  head,  and  wltli  a 
weir  having  end  contractions,  the  distances  from  the  vertical 
edges  to  the  hanks  of  the  stream  should  each  be  at  least 
three  times  the  head  also.  The  water  must  approach  the 
weir  with  little  or  no  velocity;  to  accomplish  which  it  is 
sometimes  necessary  to  provide  means  for  reducing  the 
vekicity  of  approach,  such  as  bafHe  boards  similar  to  those 
used  in  connect  km  with  the  V  notch, 

45*  Plajik-Welr  Meesiurements*  —  Fig.  29  shows  a 
plaok  weir  located  in  a  small  stream  for  the  purpose  of 
measuring  the  flow.  The  plank  dam  is  put  across  the 
stream  at  a  convenient  point,  care  being  taketi  to  prevent 
any  leakage  around  or  under  the  dam.  A  single  board  may 
be  used  for  this  purpose,  as  shown  in  the  figure.     A  notch 
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of  sufficient  depth  to  pass  all  the  water  to  be  measured, 
and  not  more  than  two-thirds  the  width  of  the  stream  in 
length  is  cut  in  the  board  and  the  edges  of  the  notch  on  the 
down-stream  side  beveled  within  ^  inch,  leaving  the  edge 
sharp.  A  stake  b  is  driven  into  the  bed  of  the  stream, 
at  a  point  about  6  feet  above  the  dam  until  its  top  is  level 
with  the  edge  a^  which  level  may  be  easily  found  when  the 
water  begins  to  spill  over  the  top  of  the  board.     After  the 
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water  has  reached  its  greatest  depth  and  becomes  still  at  *, 
a  careful  measurement  of  its  depth  over  the  stake  can  be 
made  by  means  of  a  square,  as  shown  in  the  figure.  In  this 
way  a  correct  measurement  may  be  obtained,  whereas  if  the 
depth  were  measured  on  the  notch  the  curvature  of  the 
water  would  reduce  the  depth  and  give  an  inaccurate  result. 
The  latter  method,  however,  is  convenient  when  only  an 
approximate  estimate  is  desired. 

In  the  figure,  the  dotted  line  c  is  a  level  from  the  bottom 
of   the  notch  to  the  top  of   the  stake  b,  while  the  line  d 
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[represents  the  top  of  the  water.  The  distance  between  the 
1  lop  of  the  water  and  the  top  of  the  stake  is  the  true  depth, 

or  sfill\  over  the  weir.  The  surface  of  the  water  below  the 
I  dam  should  not   be  nearer  the  edg^e  a  than  10   inches,  to 

insure  a  free  flow  over  the  wefn 

46,  Mt?thcHl  or  Vh\u^  Table  II.— When  the  depth  of 
water  over  the  stake  b  is  known,  the  quantity  flowing  may 
be  calculated  by  referring  to  Table  II,  which  gives  the  num- 
ber of  cubic  feet  of  water  passing  per  minute  over  a  weir  for 
each  inch  in  breadth,  from  ^^  inch  to  %b  inches  in  depth.  - 
The  figures  1,%^Z^  etc.,  in  the  first  column  are  the  inches 
depth  of  water  over  the  weir,  while  the  first  horizontal 
coliiinn  represents  fractional  parts  of  an  inch,  The  body  of 
the  table  shows  the  number  of  cubic  feet  and  fractional 
partii  n{  a  cubic  foot  that  will  pass  per  minute  for  a  given 
depth  of  weir;  each  result  is  for  1  inch  in  width.  Thus  for 
any  particular  number  of  inches,  the  result  obtained  in  the 
tn'  -X  be  multiplied  by  the  number  corresponding  to 

UiL .^th  of  the  weir  in  inches. 

For  example,  suppose  the  weir  is  30  inches  wide,  and  the 
water  above  the  stake  ^  is  4i  inches  deep  The  figure  4  is 
found  in  the  first  vertical  column,  and  by  following  the  hori- 
soulal  line  opposite  this  number  until  the  column  headed  \ 
is  reached  the  number  H.Bii  is  found.  This  is  the  number 
of  cubic  feet  of  water  that  will  pass  over  the  weir  per  minute 
fori  inch  in  width;  but  since  the  weir  is  30  inches  wide, 
ihb  result  must  be  multiplied  by  30,  which  gives  114,90  cubic 
feet  per  minute, 

47»  Table  II  may  be  calculated  by  the  following  formula, 
where 

Q  s^  quantity,  in  cubic  feet  per  minute,  for  every  inch 
length  of  weir  when  contraction  of  area  is  reckoned 
at  JVl  per  cent,  of  full  area,  and 

H  —  height  of  water  level  over  weir  in  inches,  or  over  the 
iitake  ^  in  the  figure. 
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If  the  bright  //of  the  wattr  fluctuates  during  measure^ 
\  m»  Ul  nut  be  correct  to  take  the  average  of  //,  but  the 

:  a\       ,^      I  the  %'alue  ^0/\ 

4Sm  The  mlnert**  lueh  originated  in  Calif  or  aia  and 
indicates  a  method  of  measurement  adopted  by  the  various 

I  ditch  companies  in  disposing  of  water  to  their  customers^ 

laml  as  a  unit  of  water  measurement*  It  is  not  a  definite 
quanliif  of  water,  but  varies  for  the  reason  that  different 

I  campatiicH  ose  different  heads^  and  different  areas  of  dis- 

I  charge.  The  nieihtkl  of  measurement  formerly  employed  in 
Muntiina  was  through  a  vertical  rectangle  1  inch  high,  with 
a  4- inch  head  on  the  center  of  the  orifice.  The  number  of 
inches  was  said  to  be  the  same  as  the  number  of  linear 

[inches  in  Ihe  rectangle;  thus,  under  the  given  head  an  ori- 
fice }  inch  deep  and  GO  inches  long  would  be  GO  miners* 
inches. 

The  State  Legislature  of  Montana  has  now  passed  a  law 
defining  the  miners*  inch  as  a  certain  amount  of  water  flow- 
ing per  second  regardless  of  the  pressure  or  the  size  of  the 

I  opening  through  which  it  passes*  The  statement  is  as 
follows:  •*  Where  water  rights  expressed  in  miners*  inches 
ha%^  been  granted^  100  miners*  inches  shall  be  equivalent  to 
a  flow  of  ^  cubic  feet  (18.7  gallon?;)  per  second;  '^00  miners* 
inchcii  fthall  be  considered  equivalent  in  a  flow  of  5  cubic 
feet  (37.5  gallons)  per  second;  and  this  proportion  shall  be 
observed  in  determining  the  equivalent  flow  represented  by 
ar  -rr  of  miners' inches/'     If  this  amount  be  reduced 

to  1^ -'-<=t  per  minute,  it  will  be  ftjund  that  a  flow  of  about 

U6  cubic  feet  per  minute  is  the  equivalent  of  the  miners* 

[inch. 

4d*  CeJironibi  MlM<*rB'  IncU.^ — In  some  counties  in 
Caiifomia  what  are  IcDown  as  J^-Zumr,  I2'hoiir,  ll-htmr^  or 
iO*k^ur  inches  are  used  to  represent  the  amounts  of  water 
til  1  flow  ihrotigh  a  given  opening  in  the  correspond- 

iDj^  ^  „  iis  of  time.  A  common  measurement  is  through 
an  aperture  %  inches  high^  and  of  whatever  length  is 
required^  in  a  plank  1|  inches  thick.     The  lower  edge  of  the 
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aperture  should  be  2  inches  above  the  bottom  of  the  meas- 
uring box,  and  the  top  of  the  plank  5  inches  above  the  aper- 
ture, as  shown  in  Fig.  30,  thus  making  a  C-inch  head  at  the 
center  of  the  stream.     Bach  square  inch  of  this  opening 


Pig.  80 


represents  a  miners'  inch,  which  is  equal  to  a  flow  of  1^  cubic 
feet  per  minute.  For  convenience  in  converting  cubic  feet 
into  gallons,  it  may  be  stated  that  a  cubic  foot  of  water  is 
equal  to  7.48  U.  S.  gallons. 


RESERVOIBS 

50.  Reservoir  Site. — In  selecting  the  site  for  a  reser- 
voir, the  following  points  should  be  observed:  (1)  A  proper 
elevation  above  the  point  at  which  the  water  is  required. 
(2)  The  supply  of  water  i\xxn\^\\^di  by  all  creeks  and  springs, 
and  the  catchment  area,  or  area  drained  into  the  reservoir, 
should  be  carefully  determined.  In  this  connection,  one 
must  remember  that  usually  all  streams  and  springs  are  fed 
by  the  rainfalls  within  such  area,  and  hence  the  total  quan- 
tity of  water  can  never  exceed  the  rainfalls  on  the  surface^ 
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ind  awing  to  evapomtkm  and  other  losses  will  always  be 
luch  less.     The  itv^rtjgt   rainfaii  and  snowfaii  should  be 
rareftiliy    WrttTtnioed    by    measurenieiitiii.      The   formation 
tnd character  of  thr  ground  with  reference  to  the  probable 
imount  of  al)sori)tion  and  evaporation  should  be  observed. 
The  elevation  of  the  reservoir  depends  on  the  location  of 
the  mines  and  the  extent  o£  the  country  that  it  is  proposed 
\As  by  means*  of  the  ditch.     The  reservoir  should  be 
i   below  the  snow   line  if  possible  and  at  the  lowest 
point  of  the  catchment  area,  or  watershed,  in  order  to  obtain 
ixinnim    supply   of   water.      The  average  minimum 
*if  water  from  ail  sireanis  should  be  carefully  deter- 
lincd.     The  rainfall  is  often  greater  in  the  mountain  dis- 
tricts than  in   the  lower  countries,  and  is  greater   on  the 
t^lope^  fatting  the  directttm  from  which  the  moist  winds  blow. 
inow  measurements  are  taken  nn   the  level,  and  a  given 
junt  of   snow   is  reduced   to  an  equivalent    amount    of 
er,  the  total  year's  fall  beingf  calculated  as  rain, 

H,     AteoriHlon  n-ml  Kvnporatlon.^ — The  most   desir- 

ible  ground  for  a  resurvuir  site  is  one  of  compact  rock,  like 

j^ranite,  gneiss,  or  slate.     Porous  rocks,  like  sandstone  and 

.ire  not  so  desirable,  since  they  may  absorb  water, 

slopes  are  best,  as  from  them  the  water  will  flow 

lirectly  into  the  reservoir.      The   presence  of    vegetation 

'►rption,  but  at   the  same  time  the  rainfalls  are 

Iff  m   regions  covered  with  vegetation,  and  the 

reams  have  a  more  uniform  flow.     At  the  Bowman  reser- 

Ivoir  in  California  ?5  per  cent,  of  the  total  rain  and  snow- 

(reduced  to  rain)  of  its  watershed  is  said  to  be  collected. 

ervoir  must  be  made  large  enough  to  hold  a  supply 

"SSpable  of  meeting  the  maximum  demand.     The  area  of  the 

ervoir  should  be  deterttnned.  and  a  table  made  showing 

|l9  conlents  for  ^v^f^  foot  of  liepth  so  that  the  amount  of 

can   always  be  known.     Besides   the  main 

ir  all  hydraulic  mines  have  distributing  reser- 

foffS^  which   receive    the  water  frcim    the  main    ditch  and 

Idtver  it  to  the  claims  through  the  pressure  pipes.     These 
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auxiliary  reservoirs  act  as  safety  devices  that  protect  the 
ditch  and  flumes  from  being  overflowed,  as  they  are 
usually  capable  of  holding  sufficient  water  for  about  a 
day's  run,  and  if  operations  should  suddenly  cease,  they 
are  depended  upon  to  take  care  of  the  water  until  the 
flow  in  the  main  ditch  can  be  stopped. 


BAMS 

5!2.  Introduction, — Dams  are  constructed  for  retain- 
ing water  in  reservoirs  and  for  storing  debris  coming  from 
placer  mines  in  cafions  and  ravines.  The  foundation  for  a 
dam  must  be  solid  to  prevent  settling,  and  must  be  water- 
tight to  prevent  leakage  under  the  base,  and  be  arranged 
in  front  to  prevent  wear  by  water  running  over  the  top. 
Whenever  possible,  the  foundation  should  be  solid  rock. 
Gravel  is  better  than  earth,  but  when  gravel  is  employed,  it 
will  be  necessary  to  drive  sheet  piling  under  the  dam  to 
prevent  water  from  seeping  through  the  formation.  Vege- 
table soil  is  unreliable,  and  all  porous  earths,  such  as  sand 
and  gravel,  should  be  stripped  off  until  hard  pan  or  solid 
rock  formation  is  reached.  In  case  springs  occur  in  the  area 
covered  by  the  foundation  of  the  dam,  it  will  be  necessary  to 
trace  them  up  and  confine  their  flow  to  the  inner  or  upper 
side  of  the  dam,  so  that  they  will  have  no  tendency  to 
become  passageways  for  water  and  ultimately  wash  holes 
through  the  foundation  and  destroy  the  structure. 

53.  Wooden  dams  are  constructed  of  round,  hewn,  or 
sawed  logs  1  or  2  feet  in  diameter,  laid  in  a  series  of  cribs 
8  or  10  feet  square.  The  logs  composing  the  cribs  arc 
pinned  together  by  means  of  treenails,  and  the  individual 
cribs  are  attached  by  the  same  means  or  by  bolting.  The 
cribs  are  usually  filled  with  loose  rocks  to  keep  them  in 
place,  and  in  many  cases  are  secured  to  the  bed  rock  by 
means  of  bolts.  A  layer  of  plank  on  the  upper  face  of  th« 
dam  makes  it  water-tight. 
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Aprons. — Where  water  discharges  over  the  top  or 

f  a  dam*  h   is  necessary  to  provide  some  surface  to 

the  impact  of  the  falling  water,  for  otherwise  the 

$am  may  be  tinder  mined  and  destroyed.     If  the  dam  is  on 

irm  bed  rork,  iht*   upper  surface  can  simply  be  extended 

slightly  and  the  water  alU>wed  to  fall  on  the  bed  rock;  which 

rill   not  be  badly  cut;    but  where  there  is  danger  of  the 

foundation  beinjj  washed  away^  it  will  be  necessary  to  pro- 

U'ide  Some  form  of  ai>ron  or  water  cushion.     An  apron  may 

formed  by  providing  small  cribs,  which  are  set  on  the 

er  side  of  the  dam  and  covered  with  a  plank  floor,  on  to 

cb  the  water  falls,  and  from  which  it  is  discharged  into 

%lm  stream  below.      Sometimes  the  plank  of   the   floor  is 

ide  iri  pitch  back  toward  the  dam  in  such  a  manner  as  to 

Ifurm  a  tank,  into  which  the   water  falls,  the  impact  of  the 

11  being  taken  by  the  water  cushion  in  the  tank.    A  similar 

lfe»ult  may  be  accomplished   by    building   a   low  dam  just 

ibclow  the  main  dam,  so  as  to  form  a  small  pond  between  the 

two,  which  acts  as  a  water  cushion  and  protects  the  bed 

ck  or  foundalitm. 


3Sm     Abiitineiits   aod   Blschar^e   GateSp — Abiitnients 

'      struciures  at  the  ends  of  a  dam,  and  may  be  con- 
d    from    timber,    masonry,    or    dry    rockwork.       If 
Mble,  they  should  have  a  curved  outline  and  shoiild  be 
placed  that  there  is  no  possibility  of  the  water  overflow- 
ling    them  or  gelling  behind  them  during   floods.     If   the 
jscharge  from  the  dam  takes  place  from  the  main  face,  the 
l^ates  may  be  arranged  in  connection  with  one  of  the  abut- 
acDlft  or  by  means  of  a  culvert  throngh  the  dam.     In  either 
&,  there  should  be  some  structure  above  the  outlet  so  as 
lo  ■    driftwood,  brush,  or  other  material  from  stop- 

.>c barge  gates* 
Fig,  31  the  water  a  flows  through    pipes  if  that  are 
tcil  V>y  a  timber^  sctreen^  or  strainer  c.     Each  pipe  has 
live  J  in  the  culvt-rt  f,  as  shown  in  the  illustration,  and 
ibchsirgcs   into  tiie  wtmdcn  flume  /,  which   conveys   the 
Iter  to  a  flume  leading  to  the  mine,     Whtm  the  discharge 

4M-S 
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gates  are  placed  at  one  side  of  the  dam,   they  are  usually- 
arranged  outside  of  the  regular  abutment,  between  it  and 


Fig.  81 

another  special  abutment,   the  discharge  being   through  a 
series  of  gates  into  a  flume  or  ditch. 

56.  Wasto  ways  are  openings  provided  in  dams  for  dis- 
charging surplus  water  during  floods  or  freshets.  In  the 
case  of  timber  dams,  they  are  usually  surrounded  by  solid 
cribs  filled  with  rocks  and  have  an  area  of  40  or  50  square 
feet  each.  There  are  two  general  forms  of  waste  gates. 
One  is  a  comparatively  narrow  opening  in  the  dam,  extend- 
ing to  a  considerable  depth,  through  which  water  is 
allowed  to  discharge  during  flood  time;  but  when  it  is 
desired  to  stop  the  flow,  planks  are  placed  over  the  opening 
in  such  a  manner  as  to  close  it.  This  opening,  which  is 
usually  not  over  3  or  4  feet  wide,  is  provided  with  guides  on 
the  upper  face  of  the  dam,  between  which  the  planks  are 
slid  down,  the  individual  pieces  of  plank  being  at  least  a 
fool  IcMigcr  than  the  opening  is  wide.  Another  device  fre- 
(lufiuly  em[)loyed  consists  in  providing  a  spillway,  to  one 
side  of  the  regular  spillway,  with  a  crest  made  of  heavy 
limber  '^*  or  3  feet  lower  than  the  regular  crest  of  the  dam. 
Four  or  five  feet  above  the  crest  limbers  is  placed  a  par- 
allel timber,  the  si)aee  between  which  is  closed  by  what  are 
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illed  finsh  hottrth :  these  are  matte  from  pieces  of  2-inch  or 

'inch  plank,  about  B  or  10  inches  wide.     The  planks  are 

placed  against   bcith  timbers  so  as  to  close  the  space,  and 

ire  made  sufficiently  long  to  extend  from  1  to  3  feet  above 

the  upper  timber ;  through  tlie  uj>per  end  of  each  plank  is 

>rcd  a  hole,  through  which  a  piece  of  rope  is  passed  and  a 

toot  lied  lit  the  end  of  the  rope,  which  is  secured  to  staples 

ihc  upper  timber.     When  it  become-s  necessary  to  open 

Ihc  waste  way,  men  go  along  with   pinch  bars  and  pry  up 

^he  plank  in  such  a  way  as  to  draw  the  lower  end  out  of 

'    V'le  lower  timber,  when  the  force  of  the  water 

iy  carry  it  down  the  stream  as  far  as  the  rope 

will  allow  it  to  go.     After  the  first  plank  has  been  loosened, 

the  succeeding  ones  can  be  pulleci  up  with  comparative  ease, 

I  mi  two  m«:n  can  ofien  a  25-foot  or  30-£oot  section  of  waste 

ray  in  a  very  few  minutes,     The  ropes  keep  the  plank  from 

Ig  lost,  and  the  space  can  be  closed  by  passing  a  platik 

at  one  side  of  the  opening,  and  then  moving  it  side- 

rayft  in  the  current.    Some  skill  is  required  both  in  opening 

clotiiing  the  waste  ways. 


57.    Pr>'-Ht4>iie   Hams. — In    regions   where  cement  or 

lime  is  expensive  anti  large  quantities  of   suitable  rubble- 
t^me  ean  be  obtained,  dams  may  be  constructed   without 
Jhe   use  of  mortar.     They  are   rendered  water-tight  by  a 
11  the  upper  side  of  the  dam.     Pig.  Bl  illus- 
I  dam  for  the  Bowman  reservoir  in  California; 
nother  dam  at  this  reservoir  is  used  as  the  waste  dam.     It 
'    '    i  the  water  will  never  have  to  pass  over  the 
^-  dam;  but  owing  to  the  fact  that  there  &re 
sveral  other  reservoirs  farther  up  the  stream  that  might 
|treak  and  floi>d  the  reservoir,  this  dam  was  constructed  so 
^hai  it  Would  withstand  a  sudden  runh  uf  water  over  its  top. 
rigtnally  the  dam  consisted  of  unhewn  cedar  and  tama- 
:  logs  notched  and  firmly  bolttfd  together  to  form  a  crib- 
bing that  was  afterwards  solidly  filled  with  loose  gtones  of 
»all  si»e.     The  original  height,  7*i  feet,  was  increased  to 
IW  feet  by  building  a  dry-stone  structure  below  the  main 


52  PLACER    MINING  §46 

dam.  This  is  composed  mainly  of  angular  stones  taken 
from  the  mountainside  and  carefully  laid  in  irregular 
courses  but  so  that  they  will  break  joints.  This  work 
was  faced  with  quarried  stones  on  both  the  upper  and 
lower  faces.  Part  of  the  lower  face  was  given  a  batter  of 
1  inch  in  every  8  inches  of  height,  and  was  composed  of 
heavy  stones  carefully  laid  and  securely  bolted  together  and 
to  the  structure  behind  them.  The  face  of  the  dam  above 
was  also  built  of  quarried  stones  laid  dry.  The  dam  was 
made  water-tight  by  means  of  a  plank  facing  on  the  water 
side. 

If  water  ever  flows  over  the  top  of  such  a  dam  a  great 
deal  of  it  is  liable  to  pass  through  the  interstices  in  the 
slanting  stonework,  thus  subjecting  the  lower  portion  of  the 
structure  to  considerable  hydrostatic  pressure.  To  relieve 
this,  the  vertical  portion  of  the  dam  is  provided  with 
openings  through  which  this  water  would  find  a  ready  exit. 

58,  Masonry  dams  are  not  much  used  for  placer  and 
hydraulic  mining,  as  the  period  during  which  the  dams  will 
be  required  is  rarely  sufficient  to  warrant  the  expense  of 
their  construction.  Masonry  dams  are  usually  lighter  than 
those  constructed  of  dry  stone,  and  their  shape  is  carefully 
determined  according  to  known  laws,  on  account  of  the  fact 
that  the  cement  renders  stonework  one  solid  mass,  while  in 
the  case  of  dry-stone  dams,  each  individual  stone  in  the  face 
of  the  dam  has  to  resist  being  washed  away  by  its  weight. 
In  dams  the  stone  should  not  be  laid  in  horizontal  courses 
extending  from  front  to  rear. 

51).     Kartli   Dams.  —  Where  reservoirs  are  of  moderate 

depth  earth  walls  may  be  thrown  up  to  act  as  dams. 
Should  the  material  of  which  an  earth  dam  is  constructed 
not  of  itself  be  water-tight,  as,  for  instance,  gravel  and 
sand,  it  is  customary  to  make  what  is  called  a- puddle  i^all. 
This  consists  of  a  narrow  dam  made  of  clay  mixed  with  sand, 
the  two  being  well  tamped  or  puddled.  If  the  foundation  of 
the  dam  is  gravel  or  sand»  the  puddle  wall  should  be  carried 
to  bed  rock  or  to  an  impervious  stratum.     The  puddle  wall 
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lOiild  be  from  fi  to  §  feet  wide  at  the  top  of  tbe  dam,  and 

fcboutd  be  given  a  slight  batter  on  each  side,  so  that  it  will 

K^jm^whai  wider  at  the  base.     It  is  constructed  with  the 

Jam,  and  should  be  protected  from  direct  contact  with  the 

iralcr  on   the   upper  face  by  a  considerable  thickness  of 

irth,  to   prevent   its   being   eroded  before  it  has   had   an 

tipportutiity  to  set*     The  upper  face  of  an  earthen  dam  is 

j^ualty  protected  by  planks  or  a  stone  pavement. 

Sometimes  ttarth  dams  are  provided  with  a  core,  in  place 

a  puddle  walL     This  consists  of  a  masonry  wall  carried 

|o  an  impervious  strata  and  up  ihrougb  the  center  of  the 

iam.     Such  masonry  should  not  be  less  than  2  or  3  feet 

Ibick  at  the  top  and  slionld  be  given  a  batter  of  at  least 

foot  in  every  10  feet  high  on  each  side. 


mi.     liittHxIuctlotii—Thousands  of  miles  of  ditches  have 

en  excavated  in   placer-mining  districts  carrying  water 

ttom  the  reservoirs  to  the  mines.     On  account  of  the  rocky 

iractcr  and  uneven  surface  of  the  country  in  such  dis- 

^licU,  steep  grades,  high  treslles  with  flumes  and  wrought- 

ron  or  wooden  pipe  are  frequently  necessary  for  couducting 

the  water. 

1b  the  construction  of  ditches,  it  is  sometimes  necessary 

^o  blaKt  r*K:k,  at  other  times  to  excavate  dirt,   in  fact  all 

jrts  of  conditions  arc  met  with,  some  advantageous,  others 

objectionable.     After  a  ditch  has  been  finished  and  water 

^umed  in.  it  will  be  found,  if  the  ditch  is  long,  that  there 

nil    be  Ui&ses  of  water    from    evaporation,    filtration,    and 

cakage,  and  that  this  loss  increases  as  the  length  increases. 

The  loss  from  evaporation  will  be  g^reater  in  summer  than 

winter,  in  running  than  in  still   water,   and   in  shallow 

in  deep  streams.     It  in  greater  in  the  sun  than  in  the 

'  luring  winds  than  in  calms,  but  it  does  not  appear 

Jl  r  m  hot  dry  countries  than   in  cooler  localities, 

>ra  the  lact  probably  that  in  hot  countries  the  air  is  highly 
rgcd  with  moisture  and  dews  are  iuiavy. 
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When  water  soaks  into  the  ground  and  passes  away  from 
a  ditch,  it  may  be  absorbed  by  the  earth ;  or  if  it  runs  away, 
form  what  is  known  as  a  leak.  The  absorption  may  be  con- 
siderable in  a  dry  windy  region  with  a  hot  sun,  for  earthen 
banks  are  then  like  sponges,  which  take  up  water  that  does 
not  show,  since  it  is  evaporated  as  soon  as  it  reaches  the 
outside  of  the  embankment.  Leakage  in  ditches  may  be 
stopped  by  puddled  clay,  in  a  great  measure  but  riot  entirely. 
The  evaporation,  leakage,  and  absorption  on  English  canals 
was  estimated  at  2  inches  per  day;  on  the  Erie  Canal,  in 
New  York  State,  from  all  causes,  8^  inches  per  day;  on  the 
Pennsylvania  canals,  at  from  4  to  8  inches  per  day.  No 
definite  or  average  rule  can  be  given  for  any  locality,  but 
when  water  in  a  ditch  has  been  running  some  time  and  is  to 
be  stopped,  the  losses  from  various  sources  can  be  ascer- 
tained by  measurements.  For  example,  the  full  ditch  is 
measured  and  measurements  made  every  hour  until  it  is 
dry.     These  measurements  will  give  the  loss  per  hour. 

61.  Surveying  a  Dlteh  Line. — A  preliminary  survey 
of  a  ditch  line  can  be  made  by  walking  and  taking  eleva- 
tions with  aneroid  barometers.  By  this  means  the  elevations 
of  the  termini  and  intermediate  points  can  be  approxi- 
mately determined.  Subsequently  surveying  parties  may 
be  started  from  these  various  points  for  the  approxi- 
mate location  of  the  line.  When  making  the  final  survey 
the  stations  should  be  properly  numbered  and  staked  and 
pegs  driven  to  grade.  Bench  marks  should  be  placed  at 
one  side  of  the  ditch  line  so  that  they  will  not  be  disturbed 
during  subsequent  work,  every  J  or  |  mile  for  convenient 
reference.  All  details  of  tunnels,  cuts,  and  depressions 
requiring  fiuming  or  piping  should  be  worked  out  in  full. 
In  this  work,  the  hand  level  can  often  be  employed  with 
advantage  for  filling  in  minor  details.  Complete  notes 
should  be  made  of  the  character  of  the  ground  along  the 
center  line,  and  also  of  any  possible  changes. 

62.  The  size  of  tlie  dlteli  is  regulated  by  its  require- 
ments; its  form   will  be  modified,  often  by  circumstances, 
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ig  Lo  the  judgment  of  the  engineer;  half  of  a  regfular 
i  is  a  common  form.  In  a  rocky  country;  narrow 
ind  deep  ditches  with  steep  grades  are  adopted  in  preference 
fider  ditches  with  gentler  slopes^  as  they  are  cheaper  to 
ivate  and  to  keep  in  repair;  hence,  ditches  with  grades 
if  from  IG  to  SftO  feet  per  mile  are  quite  common  in  moun- 
s  Before  commencing  work,  the  ditch  line 
IJ  I  of  trees  and  brush.     On  a  hillside,  the  line 

should  be  graded  so  that  the  ditch  may  have  walls  of  solid, 
intoiichcd  ground,  and  not  mud  banks.  The  banks  should 
jic  at  least  three  feet  wide  on  lop.  Where  the  material 
Kcavated  is  of  a  comparatively  firm  nature,  the  upper  side 
"  '.  in  hiUside  work  is  frequently  given  an  angle  of 
lower  bank  an  angle  of  50'';  this  varies  with  the 
ilurc  of  the  ground.  Contracts  for  digging  ditches  are 
^tthcr  let  iUit  per  unit  of  length  or  at  a  certain  price  per 
Btibic  yard.  The  material  excavated  from  the  ditch  is  piled 
OQ  the  lower  side  and  ultimately  consolidates  into  firm 
||:  *   thus  raising  the  height  of  the  sides  of  the  ditch  and 

ng  its  capacity.     If  ditches  are  not  so  steep  as  to 
>lir  their  bottoms,  they  will  ultimately  become  lined  with 
if  fine  rlay,  which  closes  up  the  pores  and  openings 
od,  thus  stopping  leakage  and  increasing  the  carry- 
»g  capaetty  of  the  ditch.     It  is  stated  that  the  annual  cost 
if  running  and  maintaining  ditches  in  California  averages 
iO(>  ]»cr  mile.     A  number 
the     large    California 
1   nearly  half  a 
Uirs  each»  and 
ic  of    I  htm    are    mnre 

•sin  length.        «Tf^ 
.lust  rates  a    '^     '" 
»-scction  of  the  North 
"Id  ditch    in  Cali- 
Thc    dimensions 
thift  ditch,  as  will  be  seen,  were  5  feet  in  width  at  the 
feet  at  the  top,  and  $1   feet  in  depth,  with  the 
^t  Sin  angle  of  {^6""  and  the  lower  si«le  at  60*^, 


_a.r- 


PiQ.  as 
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63.  Flow  of  Water  In  Ditches,— The  elements  that 
enter  into  the  flow  of  water  through  canals  are  rubbing  sur- 
face, area,  and  grade.  The  rubbing  surface  is  that  section 
of  a  canal  wet  by  the  water  passing  through  it ;  hence  it  is 
termed  the  wet  perimeter ;  on  it  depends  the  quantity  of 
friction  or  opposition  to  the  flow  of  water.  The  wet  perim- 
eter that  will  offer  the  least  opposition  to  the  flow  is 
attained  when  the  width  of  the  bottom  is  from  1|^  to2J^  times 
the  depth  of  the  sides.  For  example,  a  ditch  having  a  cross- 
section  whose  wet  perimeter  is  480  square  inches,  will  develop 
the  least  amount  of  friction  when  the  width  is  to  its  depth 
as  30  to  16,  or  32  to  15,  these  dimensions  coming  within  the 
limits  of  1 J  and  2}. 

The  grade  of  a  ditch  should  be  uniform  to  the  pressure 
box,  otherwise  the  current  will  scour  the  bottom  and  sides 
in  one  place  and  deposit  the  dirt  in  another  place  where  the 
grade  is  not  so  heavy;  the  scouring  action  increases,  it  is 
supposed,  as  the  square  of  the  velocity.  A  current  of  water 
moving  at  the  rate  of  1  inch  per  second  covers  6  feet  per 
minute,  which  is  equivalent  to  .057  of  a  mile,  or  300  feet  per 
hour.  A  current  moving  1  foot  per  second  travels  60  feet 
per  minute,  that  is,  .68  of  a  mile,  and  in  1  hour  will  move 
3,600  feet.  It  has  been  ascertained  that  when  water  has  a 
velocity  of  1,760  feet,  or  ^  mile,  per  hour,  it  will  lift  fine 
sand ;  and  that  when  moving  2,323  feet,  or  .44  of  a  mile,  per 
hour  it  will  lift  sand  as  coarse  as  linseed. 

64.  To  find  approximately  what  grade  must  be  given  a 
ditch  to  discharge  a  given  quantity  of  water  in  a  given  time, 
the  area  of  the  ditch  and  the  velocity  of  the  water  must  be 
known,  then  the  required  fall  in  inches  per  mile  may  be  found. 

Fall  in  every  foot  of  length 

Vp  +  .0001114       Vp  X  .00002426 
a  ^  a 

V  =  velocity; 
p  =  wet  j)erinieter; 

a  =  area  of  waterway  in  square  feet;  .0001114  a  constant 
and  .00002426  a  constant. 
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Example: — What  fall  per  foot  must  be  given  a  ditch  10  feet  wide 
and  having  3.5  feet  depth  of  water  to  enable  it  to  discharge  102.55  cubic 
feet  per  second  ? 

Solution.—     V  =  ^5|^  =  2.93  ft.   per  sec;    V*  =  2.93  x  2.93 

=  8.5849  ft.  per  sec.     /^  =  10  +  3.5  +  8.5  =  17;  then 

8. 5849  X  17  X. 0001114      2.93  X  17  X  .00003426         ,^_  , 
35 "^ 35 =   "^^  "• 

the  fall  in  every  foot  of  length  of  the  canal,  or  2.64  ft.  per  mi. 

66.  No  simple  rule  can  be  given  for  obtaining  the  area 
of  a  ditch  that  will  carry  a  given  quantity  of  water,  and  an 
answer  must  be  sought  experimentally.  For  this  purpose 
assume  a  convenient  section  and,  the  grade  being  known, 
calculate  its  discharge;  if  this  discharge  is  greater  or  less 
tjian  the  required  discharge,  try  again  with  a  smaller  or 
larger  section  until  the  correct  one  is  found.  Another 
method  is  to  take  a  ditch  having  a  known  area,  length,  and 
grade,  and  by  comparison  calculate  another  with  the  same 
conditions  for  data.  In  actual  practice  a  ditch  5  feet  wide 
at  the  bottom,  7  feet  wide  across  the  surface  of  the  water, 
discharged  22,000  gallons  of  water  per  minute,  the  water 
being  3  5  feet  deep,  with  a  grade  of  8  feet  to  the  mile.  The 
volume  of  water  that  will  pass  through  another  similarly  con- 
structed ditch  with  the  same  grade  but  different  area  will 
vary  as  the  square  root  of  the  rubbing  surface  and  directly 
as  the  area  bounded  by  the  wet  perimeter. 

5-1-7 
Example. — The  area  of  the  above  ditch  is  — ^ —  X  3.5  =  21  square 

feet,  what  volume  of  water  will  flow  through  a  ditch  having  an  area  of 
15  square  feet  ? 

Solution. — In  such  cases  the  perimeter  must  be  assumed  for  the 
proposed  ditch,  for  instance  5  4-  2.5  -f-  2.5  =  10,  and  for  the  known  ditch 
it  is  approximately  5  -h  3.5  -f-  3.5  =  12.     Then 

V'f^  ••  VIO  U  22.000  :  Ans.;  or  »1«  =  »|«  [  =  22.000  :  Ans..  or 
21  :      15 )  *  21  :      15 ) 

=  14,350  gal.  per  min. 


5 
3.1G  X  ^^  X  22,000 


3.40  X  n 

7 
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66,     Tables    of  Flow   of  Water  In   Open   Cbannels. 

The  following  tables  are  based  on  the  assumption  that  the 
waterways  are  smooth  and  straight.  In  them  T  signifies  the 
top  width ;  B,  the  bottom  width ;  and  D,  the  depth. 

Example  1. — The  dimensions  of  a  canal  are  top  width  11  feet,  bot- 
tom width  5  feet,  depth  4  feet,  and  the  fall  per  mile  8  feet.  What 
number  of  miners'  inches  will  it  carry  when  the  proportion  of  the 
base  to  the  perpendicular  of  the  side  slope  is  as  8  :  4  ? 

Solution. — In  Table  III,  in  column  headed  Fall  Per  Mile,  find 
8  ft.,  opposite  which,  in  column  headed  with  given  specification  (11, 
5,  4),  is  found  104.8  cu.  ft.,  the  flow  per  sec.  This  multiplied  by  50,  the 
number  of  miners'  inches  equal  to  1  cu.  ft.  flow  per  sec,  gives  104.8  X  50 
=  5,240  as  the  number  of  miners'  inches  required.     Ans. 

Example  2. — Required  the  number  of  cubic  feet  of  water  that  will 
flow  in  a  canal  whose  top  width  is  40  feet,  bottom  width  20  feet,  depth 
5  feet,  and  whose  fall  is  2  feet  per  mile,  when  the  proportion  of  the  base 
to  the  perpendicular  of  the  side  slope  is  as  2  :  1. 

Solution.— In  Table  III,  in  column  Fall  Per  Mile,  find  2  ft.,  oppo- 
site which,  in  column  headed  with  the  given  specifications  (40,  20,  5), 
is  found  the  required  flow,  viz.,  876.1  cu.  ft.     Ans. 

The  relative  carrying  capacity  of  the  trapezoidal  form, 
when  the  bottom  width  is  to  the  depth  as  5  :  4  and  the 
coefficient  of  capacity  is  1,000,  the  base  :  depth  of  slope 
=  3:4.  When  the  bottom  width  equals  the  depth  and  the 
coefficient  of  capacity  is  .994,  the  relative  carrying  capacity 
of  this  form  is  base  :  depth  of  slope  =  1:1.  When  the 
sides  of  a  flume  are  as  2:1,  the  coefficient  of  capacity  is 
.901 ;  when  the  channel  is  semihexagonal  in  form,  it  is  1.008; 
when  the  channel  is  square,  it  is  .925;  when  semicircular, 
1.056. 

Example  3. — The  fall  being  6  feet  per  mile,  and  the  sectional  area 
of  a  square  flume  8  square  feet,  what  will  be  its  carrying  capacity  per 

second  ? 

Solution'.— In  Table  III,  in  column  of  Fall  Per  Mile,  find  the  given 
fall  6  ft.,  opposite  which,  in  column  headed  Section  8  Sq.  Ft.,  is  found 
13.05  cu.  ft.  This  multiplied  by  the  coefficient  for  a  square,  viz.,  .936, 
gives  13.65  X   925  -  12.63  cu.  ft.     Ans, 


p 

X 

St 

•    *  ^ 


35* 

1^5 


-•  J  w  a      ^.  ^ 

^XQ'^         COO 


M  q^mci^C^mgoc^  »r>0  »r>  •-<  r^  1^  ^O  go  oo  op  O  »r>  ci  0»«0 
00  »n  C»  CO  en  Ov  cnco  c»0  C»  ^i^»^  'T'^O  «n^  0» «  ui  t^Q 
N  en  'T  »n  »no  O  r*  r^oo  co   CC^COOOmm^mcicicico 


?*^'"i>  2     era 


C*t^i^o6  eneno  »r>i>»o6  en»nci  r«»eisd  O  ci  ^O  r«»  t^  t^o  O 
'^  "   ""  ^    ""   ^   O  eno   O^  i-i  »nQO  O  en  »n<»  O  «  ^O  co   "    '      " 
" ~   ^   ^  ^   ^    '    ^     T  CO  00  00  CO 


rs,a6>o  ^  • 


era 


en  1^0  r>»  enco  O  w  O  ^i^«^  t^»nr>.eneno*»n»n  c*oo  ^  i-*«o 
QO  »r>  cSo  c>c6  o  1^  »n  r>.co  c^oo  r^  to  en  d  O  m  cd  enco  en  i"^  m 
en  o*  en  t>»  O  eno  c*»-«  en»r>i^^M  en»n  r>»co  O  ^  en  ^O  1*^  o» 
M   M  N  N  cncntnt^'^'^'^'^'^xnxntnin  mo  O  O  vtJ  O  O  O 


-    '^  •♦  y    ro         •      • 


'     «J  J  J  c  •  ^ 


hXC5:/3  ■     CO'J 


r^  ir.x  —  ■*■;     ""     . 

1   hr-'>:      ^'-^ 


y'A 


j  J  J  J  c  ^  ^ 
|i  ^^-.£  fc&t. 
ll     ^.  "i  »4  rj        cr3 


»n"tt^   C^i^eneno^^O  O'wco   0*0  0*co  en  »n  ^  O  «n  0*0  en 
ON  t^>o   o^*^  f^%n  t^cx>  o  •-  en  'fxO  r>.QO  oo  n  en-"^-^^  ^^ 


-ti^"^'-'   O^^co  tn^o  M  Mco  M  00  t-i  enenM  r>»«  »nt^r>.o 
CO  ci  1^  r^6  en^»n»n»n^cJ  1-   d^o  ^hIoo  tni^oo  ^do  « 

" " r>.co   dv  O  M  i-i  «  tr\-^  ^  tnyOsO  r>.a5  CO  o* 

c«  ei  ei  c« 


»nco   O   •-•  en  ^  »r>0  1 


M  ^  N  M  c*QO  1-00  i-i  iH  c^-^o  r>»«nc»  ^«  »ni^oooo  r>.inen 
r^ei  ^-^ci  Qco  -^i^  r^eicd  enco  enco  ci  !>••-<  »nc\enr^i-J  »n 
en»nO  r>«co   OOO  *->  m  m  m  enen^^»r>»nOOO  r>»i^coao 


^r»o*0  •"•  O   Oen  -f  CO  w  u^  en  »*  enco  ^  c*o  en  « 
O0u^»-i|>>l>>i^»r>i-«0   0»^»^    0*0   «H  O    O^  N   ^  » 


CO   o>co  O  «  CO  -^  o^  Tf-co  en  t^  11 


»nco  w  moo  1 


O  -^ao  ►-•  O  N  CO  00  O  »nco  \r»  en  O^  *}•  N  '-'  e*^  ^^  p*  O  »'>  enco 
c*0  0"^enou^p*i^O'-"OOr^^O»i^C^c«tr»coo»-«P*c» 
dcd  \n  O  mdvcnr-«d  ^r^O  enmco  i-I   d^mco   d  cimi>.d^t^ 

""""""     *  '     ~     TOOOr>»t^t^l^coaOcOcOCT*0*0^0*C>0 


N  cn  "^  'i-  ^  »n  m\i 


•  -f 00    "'to   •-« 


>  r^co  Q  1^  en  -f  i^  f^ 

>  u^  u^o  00000 


O  'X  o  m  N 

d^cimoo  dc4cnmt^Qr5  d»-<cienmNdr>*co  d*d»-«cien'tm 


i^QC  »n  ^o  m^i-tnt-i  •-•  r«»o<o  •fi^  1^0  enco  t^  en  ei  t^  o^oo 
mcoo  «-•  ^O  r^r^i^O  ^enooo  mei  0*0  e*  C^  »r>  m  t>.  «  O* 
tn  r^  C^  i-i  cJ  en  '^  msd  r>»co   d^ 


©©•"•wesen^rt-  *noO  o  r>.  r^ 

C4CICIMMMMNMC4MCIC« 


-     -'^t^«  O  -feni-i  \n  r^co  o  ^  Q  ^oo  O  ei  kt^  -^  xnt^  ©co 
Oco  i^-fi-i  i-^w  t'.cio  O  ^<^J  e*  O   O*  w  O   C^  N  mco  ^  ^o 

ddi-^i^Mcicicienencn 


cJ  en  ^  m>d  vd  r^  i^cc  cd  d^  d^  c»  c 


ci  ci  c4   tr^  ^  ^  K*^  ^  -^  -^  -^  '^  \Ci  \n  \n  \n  \ri  \n>0  <i  ^  ^  ^ 


T  2  :i  Ft. 

U  1.0  Ft. 

D    .8  Ft. 

Section 

1.28 

.^5 

m  en  r^  C*  0  0^co  0  -t  "-i  co  -^  m  i^  cnoo  -^  0*  ^  5^  -t  O*  -f  oo  m 
-to  r^oo  0  0  IH  N  enrf-^moo  r^i^cooo   O^cSo  O  *-  •-•  w 

"5  t  c 

1 

u 

c 

|■^mp^o^^u^^^o»■^»'^c^0^^^n«0^*»«NO^*»'>NQt^ 

en  r^  •->  moo  no  0  en  i-»  «  mco  c<  0  5  en  r^  <-•  u^co  n  O  Q  en 
OOi^M^MMcnenen-t'^'^t'^  »«>S  0  O  r^  r^  i^co  oo  c^  O* 

►1  w  en  ^  mo  r*co  0*  0  m  c»  en  ^  mso  i^co  0>  O  •-  p*  m  -t  m 

^JGGi^c-: 


60 


PLACER    MINING 


§46 


M'H 


HO 

^ 

\r, 

g« 

tt«) 

> 

^-^ 

M 

Qt 

2« 
5.S 

H 

as 

Sa 

>5=^ 

HH 

ft» 

C^H 

^^ 

MQ 

es 

» 

H 

-<J 

> 

r' 

b 

C 

«   O    »ny" 


HXQ^ 


^«  «^  «    era 


H«Ci^ 


fefefc  c 

££ 

0  q  u^*^  a 

0-H-.  -  « 

crs 

HXC^ 

cflU 

♦J  J  «-•  C        ^'  ^• 
tx.5ui..£        fi,fc 


HXGc? 


08  i>^ 


*     '  J     *  J  Q»  o  Q  r*  M  ^  <^  ►^'  en  w  »>•  i-i^  «  •- 


Mi-ii-ii-iMMi-iMMC<C4MMMC4Cncnc^cntn 


0^  O»0O  O  M  O  r^oo   OCIOQOOOOOOQOOO 
ciO  •td^'-'  *^w  r^Mo'tnw   d*\0  w  ^tnin^cOM  O 


m 

0 

"^  0 

0     0 

^ 

0 

C>  -♦■  CO 

OO 

c^  c^  o*«  •-« 

1; 

0 

0 

N 

M 

KTi  N 

►^ 

CO 

^aa 

M  CO  ei  tno 

^r*.^.    i 

CO 

0 

^ 

M 

«n   "^0 

t-.CJO 

C^ 

1^ 

w 

^ 

»n  1^ 

1 

M 

M 

M     1^ 

w 

c* 

M 

w 

c« 

M^ 

3 

0 

4 

00  t-. 

0 

i^ 

0 

5 

M 

1^  1^  -^to 

i-i    0»C0    ►- 

1 
1 
o^en^ 

OO 

c> 

0  0 

^ 

-**• 

•^ 

00 

in 

^ 

CO  en  en  en 

I-  0  f^   ' 

«n 

-^t  ^  inO  0 

t-* 

t-.oo 

CO 

<>o 

0 

;^ 

w 

en  ^  »no  r^ooeb    1 

tno^O  c*r-«nco  eno  moo  c»Ooc  eno  i^vp  en  0 
■vc  t^  O  •"•  en  mO  CO  i-  cntnr>.0  eni^O  enO  O'W 

•-iMNwwciwc*encncnen^^Tfu^inm  »nO 


;888: 


1^0  N  »i^co  wo  O  pnr^u->M  ^  .  _.^  _.^  _.^  _., 
00  »ni-i  r^OsC  ir.in^cnM  *-  Occ  r^»nc»  5  i^mwO 
N-  w  cnen^tno  i^co   c»»-"  cn»nOco  wsO  O  enr»»^«r> 

0000000000»-''-'>^»-MNc*enenen^^ 


88888 

in  O   "■»  C   »n 
CI   tr.  1^  C    W 

MM   Mcicicicne^.  ^^  uSo  K06  6«  6  ^^  C^ 


---i 


46  PLACER    MINING  61 

G^l.      yormulas  for  Flow   of  Water  Througli   Open 

liannels. — The  following  formulas  taken  from  Trautwine 
ill  serve  to  determine  approximately  the  flow  of  water 
hrough  ditches  and  flumes. 

V  =  mean  velocity  in  feet  per  second; 
a  =  area  of  waterway  in  square  feet ; 
/  =  fall  in  feet  per  foot ; 
w  =  wet  perimeter  in  feet. 


^  =  \/- 


^il2<Ml  _  .1089  (1) 

Example  1. — A  canal  of  rectangular  cross-section  is  to  be  10  feet 
wide  and  to  have  3.5  feet  depth  of  water.  It  is  to  have  a  uniform  fall, 
or  slope,  of  .246  foot  in  a  length  of  492  feet.  What  will  be  the  mean 
velocity  of  the  water,  and  how  many  cubic  feet  of  water  will  it  dis- 
charge per  second  ? 

Solution. — The  area  of  the  waterway  =  10  x  3.5  =  35  sq.  ft.  The 
fall  .246  -h  492  ft.  (the  distance  in  which  it  occurs)  =  .0005  of  a  ft.  fall 
for  every  foot  of  length.  The  wet  perimeter  =  a  b  ->r  b  c  \  cd  =  3.5 
-f  10  -h  3.5  =  17  ft.  Substituting  in  the  formula,  the  following  result 
is  obtained: 


^     35  X  .0005  X  ^975         .  _^_         .  ___  . 

4 T-  ~  .1089  =  2.92j)8  ft.  per  sec. 

or  the  required  velocity.  The  discharge  will  be  the  velocity  multiplied 
by  the  area  of  the  waterway  in  square  feet,  or  2.9311  X35  =  102.588  cu.  ft. 
ptrr  sec.     Ans. 

To  find  the  area,  it  will  be  necessary  to  get  the  average 
depth  by  measuring  at  different  points  and  multiply  the 
result  by  the  width. 

^       7'*  X  w  X  .0001114  ,   vx  w  X  .00002426  .^, 

/=  ^  + (^) 

Example  2. — Using  the  same  data  as  in  example  1,  what  fall  per  foot 
must  be  given  to  a  rectangular  canal  10  feet  wide  and  having  3.5  feet 
depth  of  water,  to  enable  it  to  discharge  102.55  cubic  feet  per  second  ? 

Solution.— The  area  =  10  X  3.5  =  35  sq.  ft.,  and  ~~  =  2.93  ft. 
per  sec.  equals  the  velocity.      2.93*  =  8.5849.      The  wet  perimeter 
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=  ad  +  dc+cd=S.6  +  10  +  Z.5  =  n  it.   Substituting  in  the  formula 
8.6849  X  n  X  .0001114  ^  ^^^^  ^'^^  2.93  x  17  x  .00002426  ^  ^^^^ 

.000465  4- .000035  =  .0005  ft.,  the  required  fall  in  every  foot  of 
length  of  the  canal,  the  same  as  in  the  preceding  example.     Ans. 

68,  The  cost  of  ditches  depends  on  the  character  of 
the  ground  to  be  excavated.  If  a  plow  and  scraper  may  be 
used,  the  ditching  will  cost  about  20  cents  per  cubic  yard; 
but  if  the  ground  is  rocky  so  as  to  require  pick  and  shovel, 
it  will  probably  cost  from  25  to  40  cents  per^cubic  yard.  If 
the  excavation  is  rockwork,  such  as  drilling  and  blasting,  it 
will  cost  about  *2.00  per  cubic  yard. 

For  a  ditch  3  feet  wide  at  the  bottom,  4^  feet  wide  at  the 
top,  and  4  feet  deep  the  figures  would  be  for  each  10  feet: 
Plow  and  scrapers,  $1.11;  pick  and  shovel,  from  $1.38 
to  $2.22;  rockwork,  $11.11.  The  proportional  cost  will 
decrease  with  the  area  of  the  ditch. 


FLUMES 

69.  In  general,  the  use  of  flnmes  is  to  be  avoided 
wherever  possible,  for  long  experience  has  demonstrated 
that  they  are  not  economical,  being  too  liable  to  destruction 
by  fire,  wind,  snowstorms,  and  decay;  hence  they  are  a 
source  of  continual  expense.  There  are,  however,  instances 
where  the  formation  of  the  country  requires  the  use  of 
flumes  rather  than  ditches;  for  example,  in  cases  where  the 
water  must  be  carried  along  the  face  of  vertical  cliffs. 
Where  a  ditch  is  not  as  economical  as  a  flume,  the  ground  is 
composed  either  of  very  hard  or  of  porous  and  broken 
material;  likewise  where  water  is  scarce  and  evaporation 
and  absorption  great,  flumes  are  preferable. 

Flumes  are  usually  set  on  a  steeper  grade  than  is  possible 
for  ditches,  the  grade  frequently  being  as  much  as  from  25 
to  30  feet  to  the  mile.  This  results  in  an  increase  in  the 
velocity  of  the  flow,  and  hence  a  proportional  decrease  in  the 
cross-section  of  the  flume. 


i» 
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Fio-  iia 


*0.    Cotistnictlon  of  Flumes, — Before   beginning   the 

construct  ion  of  a  iliinie  the  hush  for  at  least  10  feet  on  each 

Mde    of    the    line    is    burned    off, 

n nines  are  usually  constructed  of 

Iseasoited    pine    plank    from    If    to 

inches  thick,  from  12  to  16  feet 

lon^.    The  edge  joints  are  battened 

"on  the  insiide  with  pine  strips  from 

^^  to  4    inches    wide   and    |   thick. 

he  structure  is  reinforced  every 

l4  feet ^  by  a  frame  consisting  of  a 

ill,  a  cap,  and  two  posts.     A  flume 

feet  wide  by  3  feet  deep  requires 

Bts  and  caps  4  inches  by  5  inches, 

Isalb   4    inches    by    0    inches,    and 

stringers  8   inches   by   10   inches. 

[Post!*  are  set  into  the  sills  with  the  gain   1}   inches  deep 

ind  arc  not  mortised.     The  sills  are  allowed  to  extend  from 

IS  to  Si<0  inches  beyond  the  posts«  and  diagonal  braces  placed 

»&  shown  in  Fig.  33.     The  posts  are  usually  made  sufficiently 

[long  In  leave  a  s|>ace  of  S  or  4  inches  between  the  top  of  the 

Btde  planking  and  the  cap.     In  carrying  a  flume  along  a  hill- 

t    should  be  plat!ed  close  to  the  bank,  so  as  to  avoid 

^  I   from  snow  slides.     The  ground  for  this  puipose  is 

inst  gra*ied  and  then  stringers  placed  for  the  flume  lo  rest 

Ion.     The  sills  are  laid  on  the  stringers  to  prevent  the  sills 

from  ctiniing  in  contact  with   the  earth,  and  thus  protect 

them  from  rotting.     Another  advantage  of  having  a  flume 

•  I  the  bank  is  that  in  cold  weather  the  snow  usually 

ji  the  space  at  the  side  n*^xt  the  bank  and  prevents 

ttie  drculalion  of  cold  air  under  it. 

Curved  flumes  should  be  constructed  so  as  to  insure  the 
^maxtmum  flow  of  water  and  to  prevent  splashing,  as  in  the 
ittr  case   ejccessive  freezing    is   liable   to  occur   in   cold 
'    r.     The   flume  is   made  in   sections  for  curves,  thus 
tating  mnre  sills,  posts,  and  caps.     For  got  id  curving, 
be  side  planks  are  sawed  partly  through  in  places  to  make 
^Ihcm  bend   easily.     Where    the    water    passes   around  the 
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curve,  it  has  a  tendency  to  rise  on  the  outer  side  of  the 
curve;  hence  the  flume  must  be  blocked  up  on  this  side. 
This  is  usually  accomplished  by  judging  the  amount  of 
inclination  first  and  changing  it  after  the  water  is  running 
by  wedging  up  the  flume  until  all  splashing  ceases.  A 
fairly  good  rule  for  this  is  to  give  ^  inch  elevation  for  each 
degree  of  curvature,  thus  a  12°  curve  would  have  3  inches 
elevation  on  its  outer  side. 

In  constructing  a  flume,  the  sills  are  placed  every  4  feet, 
the  stringers  and  the  bottom  planks  are  nailed  to  them,  the 
end  joints  being  carefully  fitted.  The  side  planks  are  nailed 
to  the  bottom  planks  and  to  the  posts  set  in  the  sills,  an 
occasional  cap  being  placed  on  the  posts  to  prevent  the 
flume  spreading.  Sixteenpenny  and  twentypenny  nails  are 
used  for  fastening  the  material  together.  The  joints  are 
battened  with  thin  material  nailed  on  with  sixpenny  nails. 
Each  box  when  complete  is  set  on  grade  and  wedged  into 
place. 

Where  a  flume  connects  with  a  ditch,  the  posts  for  a  dis- 
tance of  several  boxes  back  are  lengthened  to  permit  the 
introduction  of  an  additional  plank  on  each  side.  The  end 
boxes  of  the  flume  are  flared  to  permit  a  free  entrance  and 
discharge  of  the  water.  At  the  junction  of  the  flume  with 
the  ditch,  or  where  a  flume  passes  through  the  bank  of 
earth,  an  outer  siding  may  be  nailed  on  the  outside  of  the 
post  to  protect  the  flume.  The  lumber  should  be  prepared 
in  exact  sizes  at  the  mill,  so  that  rapid  work  can  be  done  in 
the  construction.  The  lumber  is  usually  delivered  at  the 
head  of  the  flume  and  enough  water  turned  in  to  float  the 
material  down  as  the  work  progresses.  Where  trestles  are 
employed,  the  bents  are  usually  placed  from  8  to  12  feet 
apart.  The  life  of  a  flume  will  usually  not  exceed  20  years 
at  most,  and  is  generally  little  more  than  10  years. 

71.     Waste  prates  should  be  placed  every  half  .mile  to 

empty  the  flume  for  repairs  or  in  case  of  accidents.  Waste 
gates  are  also  useful  in  running  snow  out  of  the  flume.  In 
snow   belts,  flumes   are   frequently  covered   with  sheds  in 
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tpuseil  places  to  protect  them  from  snow  slides.  If  anciior 
:c   IrccEcs  on  the  bottom  of  ii  flume,  the  water  sIkhiIcJ  be 

iniediately  turned  ouL  If  snow  fills  the  flume  when  no 
rater  is  running  through  it,  it  may  be  gotten  rid  of   by 

irning  on  the  water  and  flushing  ii  out  before  it  has  time 
|o  pack. 

iS.    Bracket  Fliames.^ — When  it  becomes  necessary  to 

irry  a  Hume  along  the  face  of  a  cliff  at  such  an  elev-ation 

^hat  a  trestle  lis  pructicaliy  out  of  the  question,  brackets  may 

aiployed.     Fig.  M  illustrates  a  bracket  flume  employed  in 

tic  County,  California.     The  cliff  is  a  perpendicular  wail 

if  bai^alt,  and  for  a  distance  of  500  feet  the  flume  is  carried 

m  brackets  118  feet  above  the  bed  of  the  ravine,  and  at  one 

>int  232  feet  below  the  top  of  the  cliff.     The  brackets  are 


Flo.  U 


ide  of  30 -pound  T  rails  bent  in  the  shape  of  an  L;  the 

»si|[er  arm  on  which  the  bed  of  the  flume  rests  is  10  feet 

It  is  placed   horizontally,  having  the  end  next  the 

|HII  sapported  in  a  hole  drilled  in  the  rock.     The  shorter 

irin  «iand&  vertically,  and  has  in  its  upper  end  an  eye  into 

1  one  end  of  a  |-inch  round-iron  rod  connect- 

., ;...^  boll  soldered  into  a  hole  in  the  cliff  above. 
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The  brackets  were  placed  8  feet  apart  and  were  tested  to 
stand  a  weight  of  14^  tons.  The  flume  is  4  feet  wide  and 
3  feet  deep  with  a  capacity  of  3,000  miners*  inches. 

73.  Cost  of  Flumes. — The  size  of  the  flume,  the  cost 
and  conveniences  for  handling  material,  and  the  price  of 
labor  determine  the  cost  of  flumes.  It  is  estimated  that 
with  lumber  at  from  $12  to  $15  per  thousand  feet,  delivered 
at  the  head  of  the  flume  so  that  it  may  be  floated  down,  the 
cost  for  a  flume  2.5  feet  wide  and  2.5  feet  high,  will  be  $3.85 
per  12  feet;  for  6  X  3.5  feet  flume,  $8.50  per  12  feet. 
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PIPES 

1,    Wowten   PliM?«.— For   moderate   pressure  due   to  a 

kcad   of    water.  wwmI  en -stave  pfi^es  are  commonly  used. 

rhilc  practicabie  ft>r  any  desired  head,  they  are  economical 

ily  l<y  the  point  where  the  pressure  necessitates  such  close 

Isinding  that  ihe  cost  exceeds  that  of  iron  or  steel  pipe  of 

le  sarne  strength.      If  kept  full  of  water,  the  stave  pipe  will 

St   tu definitely,  provided   the  bands   are   prevented  from 

isting  by  a  coating  of  asphaltura  or  mineral  paint.     The 

njunl  of  iron  in  the  bands  for  each  foot  of  pipe  is  the  same 

that  required  for  a  foot  of  sheet* irun  pipe  of  the  same 

ictcr  calculated,  with  a  consideraljle  margin  of  safety, 

Hthstand  the  same  head  of  pressnre*     Fig,  1  illustrates 

wocMJi^n-stavc  pipe  in  which  the  bands  are  composed  of 

jund  steel  rods.     One  advantage  of  a  wooden -stave  pipe  is 

lat  it  can  be  made  to  conform  to  the  irregularities  of  the 

round  more  easily  than  iron  pipe,  as  will  be  noticed  by  the 

irves  in  the  illustration. 


2»  Wooden  Tiinuel  Ltiifiigr* — On  some  extensive  ditch 
TOj  it  is  necessary  to  carry  water  through  tunnels;  owing 

the  fact  that  the  irregular  rock  lining  of  a  tunnel  inter- 
tn:5  considerably  with  the  Sow  of  the  water,  it  has  been 
i,i  f..>st  tij  line  the  tunnels  with  lumber.     This  has  been 

§47 
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in  the  ditch,  the  tunnel  will  always  be  filled:  hence,  there 
will    be  tio  tendency  for  the  lining  tu  tlry  out  and  crack, 

iuch  a  liniog,  always  remaining  under  the  water,  will  last 

idcliniiely. 


3.  Iniii  Pipes*.  —  Wroujtclit-li'on  or  steel  pipes  are 
Kclusivcly  used  for  high  heads.  For  low  heads,  either 
i.Kid  or  iron  may  be  employed,  the  choice  between  them 
Eing  a  matter  of  location  and  cost.  Pipes  are  used  to  con- 
ty  water  from  the  pressure  box  to  the  nozzles  at  the  mine; 
livo  to  carry  water  across  depressions.  When  they  are 
laced  tti  the  latter  instance  so  as  to  follow  the  natural  sur- 
of  the  ground,  they  are  called  invtrtc({  si/fkous.  The 
-A  of  the  metal  for  pifjes  is  determined  by  the  pres- 

|i :   Lhc  water  and  the  diameter  of  the  pipe,     The  pipe, 

irheti  pat  together,  soon  becomes  water-tight  from  the 
ter  in  the  water;  this  result  maybe  hastened  by 
^  :  a  few"  bags  of  sawdust  or  bran.  The  pipes  thus 
fndcred  flratcr-tight  will  remain  so  when  subjected  to  a 
lire  as  great  as  200  pounds  per  square  inch.  In  the 
pipe  line,  Nevada  County,  California,  there  is  an 
ivurteil  siphon  17  inches  in  diameter  and  4,4!JH.7  feet  long, 
instructed  with  riveted  sheet  iron.  Its  inlet  is  304  feet 
^bove  the  outlet  and  at  the  full  head  will  discharge 
^^60  miners'  inches.  The  maximum  head  of  this  pipe  line 
feet^  which  is  equivalent  to  a  pressure  of  334  pounds 
luarr  \nih  nn  tlir  pipe  at  its  lowest  poitit. 

4*  I*i|je  Jtthits. — Ordinarily,  pipes  for  hydraulic  mining 
iry  frum  1 1  to  -iu  inches  in  diameter  and  are  constructed 
sheet    iron    or   steel    varying    in    thickness    from   .VI 

."  The  sheets,  which  are  about  30  inches  long, 

re  : -  together,  and  these  sections  thus  formed  riveted 

ilci  leniyrth&uf  from  20  to  30  feet,  or  into  lengths  convenient 
»r  ^  tat  ion. 

Si*; --^  when  the  pressure  is  not  great  they  are  put 

jeihcr  in  stovepipe  fashion,  neither  rivets,  wire,  nor  any 
Iher  contrivance  being  necessary  to  hold  the  joint  in  placep 
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Where  there  is  great  pressure,  iron  collars  with  lead  joints 
are  used.  Fig.  2  (a)  shows  this  latter  joint,  /is  a  wrought- 
iron  collar  about  5  inches  in  width  and  ^\  inch  thicker  than 

the  pipe  iron;  the 
inside  diameter  of  this 
collar  is  j  inch  greater 
than  the  outside  diam- 
eter of  the  pii>e;  /  is 
a  joint  composed  of 
lead,  which  is  run  in 
between  the  collar  / 
and  the  pipe  and  then 
calked  tight  from 
both  sides;  «  is  a  nip- 
ple about  6  inches  in 
length  that  is  riveted 
in  one  of  the  sections 
by  means  of  |>inch 
rivets.  Sometimes, 
owing  to  the  expansion  and  the  contraction  of  the  pipe, 
the  lead  in  the  joint  has  a  tendency  to  work  out;  to  replace 
this  lead  or  to  force  it  back  into  the  joint,  the  clamp  shown 
in  Fig.  2  (/^)  has  been  devised.  At  a  is  shown  the  clamp 
and  its  method  of  application  for  forcing  back  the  lead  thatt 
has  worked  out.  The  clamp  is  shown  in  both  side  view 
and  in  cross-section.  At  the  lower  part  of  Fig.  2  (^),  will 
be  seen  another  clamp  d,  which  is  driven  ov^r  the  joint  to 
keep  the  lead  in  place  after  it  has  been  forced  in  by  means 
of  the  clamp  a.  Sometimes  wrought-iron  pipes  are  pro- 
vided with  hooks  riveted  near  each  end  to  fasten  them 
together  by  winding  wire  about  the  hooks  on  adjacent  pipes, 
and  thus  counteract  the  tendency  that  pipes  have  to  work 
apart  at  the  joints,  owing  to  expansion  and  contraction. 


5.  Pipe  Elbows.  —  Sharp  bends  should  always  be 
avoided  in  pipe  lines  when  possible,  and  all  turns  should  be 
made  by  gradually  bending  the  pipe.  When  short  curves 
are  necessary,  elbows  similar  to  that  shown  in  Fig.  3  may  be 
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iployed.     In  this  case,  a,  a  are  angle  irons  riveted  to  the 
Ibowr  and  connected  tn' straps  to  similar  angle  irons  riveted 


mm 
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the   adjacent   sections  of  pipe.     These  angle  irons  and 
traps  are  necessary  to  prevent  the  pipes  being  pulled  apart 
U  thiii  point  when  contraction  and  expansion  take  place. 

Siift?ty  Valves,^  Blow -off  valves  are  provided  for  the 

ipc  of  air  while  the  pipes  are  being  filled  and  also  lo  pre- 
sent the  formation  of  a  vacuum  and  the  consequent  collapse 
^f  the   pipe,  which   might  occur  in  case  of   a  break.     The 
implctst  form  is  a  loaded  flap  valve  of  leather  on  the  inside 
bf  the  pip€,  arranged  to  cover  a  hole  from  1  to  4  inches  in 
liamrteT. 
A  very  simple  automatic 
live  is  shown  in  Fig,  4, 
'      onsists  of  a  small 
r   above   the   pific^ 
^hicli  hangs  an  inverted 
ell,  or  cylinder  a  closed 
It  ihe  top.     When  air  is 
iping»  thi^  cylinder  will 
emain  in  the  position 
lowa,  owing   to  its  own 
'  e  i  ^  h  t  •  but  as  soon  as 
ralcr  rises  into  the  chain- 
cr#   air    will    be   trapped 
^fider  the  bell,  causing  it 
|o    float     u  p    a  n  d    seat 
fgainst   the  top  of  the 

^hamber^  thus  closing  the  opening  b  and    preventing   the 
HIM!  of  Iht!  water.     Slionld  the  flow  of  water  cease,  the 
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bell    will    immediately   fall    and    air    will    enter    through 

the  opening  b^  thus  protecting  the  pipe  from  collapse. 
Fig.  5  shows  a  form  of  flow-off,  or  drain,  valve  employed 

at  low  points  for 
emptying  the  pipe. 
Fig.  6  shows  a 
combination  auto- 
matic blow-off  and 
vacuum  valve  that 
is  employed  at  high 
points  in  the  pipe 
line.  The  valve  on 
the  right  is  kept 
closed  when  the 
pipe  is  full  and  the 

valve    immediately  over  the  pipe  open.     The  pressure  in 

the    horizontal    tube    will    keep   the   central    valve   closed. 

In  case  any  small  amount  of  air  does  collect  in  the  pipe, 

it  can  be  easily  discharged  by  opening  the  small  valve  at 

the  right.     If  a  break  should  occur  anywhere  in  the  pipe 

line  and  a  vacuum  result  at 

the  upper  point,   the  central 

valve  would    fall   of   its  own 

weight,   thus  admitting  air 

and    preventing   the   collapse 

of  the  pipe.     On  refilling  the 

pipe,  this  valve,   being  open, 

allows  the  air  to  escape,  and 

when    properly    constructed 

will    close  on    being    reached 

by  the  water.     This  latter 

effect  is  accomplished   either 

by  making  the  lower  part  of 

the  valve  so  that  it  will  trap 

some    air    and     float    up;    or 

by    shaping    the    upper    disk  fig.  6 

properly,    the    escaping    water    will    strike   it    and    lift    ^ 

high  enough  so  that   the  current  can  catch  and  close  i^ 
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7,    Xjaytagr  I*lije  liltiee. — ^To  preserve  iron  pipe,  it  should 
laid  in  a  trench  and  covered  with  earth  to  a  depth  of  at 
ast    1    ftiot.     Such  pipes,  well  coated  with  tar  or  asphalt, 
ivc  been  found  In  good  condition  after  15  years  of  con- 
vice.     The  following  mixtures  have  been  found 
i  results  for  this  purpose:  Crude  asphalt,  2B  per 
enl.;  coal  tar  (free   from  oily   matter),  72  per  cent,;   or 
»lii}ed    asphalt,   16,5    per  cent, ;  coal    tar  (free   from   oily 
latter),  k;15  per  cent. 
To  prepare  either  of  these,  the  asphalt  is  broken  into 
latl  (lieees  and  heated  with  the  coal  tar  to  a  temperature 
ri  about  400''  F»  and  well  stirred.     The  pipe  to  be  coated  is 
Ined  and  immersed  in  this  mixture,  where  it  shoidd  remain 
intil    it    acquires    the   temperature  of    the    bath.     When 
[lifted I  it  is  removed  and  placed  on  trestles  to  drip  and  dry 
I  thi!  sun  and  air.     For  convenience  in  immersing^,  wrought- 
ircin  troughs  of  such  a  size  that  they  will  conveniently  con- 
[tain  one  section  of  pipe  are  provided.     Wooden  pipe  should 
Ibepainted  on  the  outside  with  the  same  mixture  that  is  used 
tor  i  .  the  bands  and  should  be  covered  inside  and  out 

^11  i'  .  I  or  coal  tar. 


8,    Fining   Plpe».  —  Pipes   should    be    filled   in    such  a 
^antler  as  ty  prevent  as  far  as  possible  the  admission  of  air, 
^htch  will  be  drawn 
"wiih  tht!  water  in 
H"|*nMng  quantities 

fel^is  care  is  taken.        .^l^MBnU^^pr^X 
escaping    from  '"^^^^HHHr-^H\ 

Fresno  pi(ie  nuz- 
niakes    a    noise 
i-tcaiibe  heard  for 
*^ile  i)r  more  due  ^^^  ^ 

^hc  expansion  uf  air  as  it  leaves  the  nozstle  in  bubbles 
tt  have  been  subjected  to  heavy  pressure.     The  best  plan 
^  put   a   gate   in   the   pipe  below  the  intake^  and  thus 
■  the  flow  and  maintain  a  steady  pressure.     Where 
1^  i>c5  that  convey  water  to  the  mines  are  supplifd  from 
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flumes,  some  kind  of  box  is  necessary;  this  is  commonly 
called  2i  penstock^  or  pressure  box\  and  is  illustrated  in  Fig.  7. 
A  .grating  of  bars  should  be  so  placed  in  the  flume  as  to 
prevent  all  dirt  or  brush  from  passing  into  the  penstock. 
The  water  in  the  pressure  box  should  be  sufficiently  deep 
and  quiet  to  prevent  air  being  carried  into  the  pipe.  To 
accomplish  this,  the  box  is  frequently  made  with  two  com- 
partments, the  water  flowing  from  the  flume  into  one  and 
from  it  to  the  other  through  a  grating  or  partition  provided 
with  small  holes. 

As  the  water  coming  through  ditches  almost  invariably 
carries  more  or  less  sand,  and  as  this  would  be  liable  to  cut 
and  scour  the  inside  of  the  metal  pipe,  it  is  quite  important 
that  it  should  be  caught  in  a  sand  box  and  not  allowed  to 
enter  the  pipe.  The  sand  box  is  simply  an  enlargement  in 
the  flume  so  arranged  that  the  velocity  of  the  current  is 
reduced  and  the  sand  allowed  to  settle  from  where  it  is 
occasionally  flushed  out  by  means  of  a  gate  near  the  bottom. 
Sometimes  pressure  boxes  are  made  large  and  provided  with 

a  chamber  below  the  in- 
take pipe,  it  being  intend- 
ed that  the  sand  will 
accumulate  in  this  cham- 
ber and  be  removed  from 
there  periodically. 


9,    Supply   Pipes. 

Iron  pipes  connect  the 
pressure  box  with  the 
mine  and  distribute  water 
to  the  discharge  pipes  by 
means  of  iron  gates.  The 
supply  pipe  is  made  fun- 
nel-shaped to  connect  with 
the  pressure  box,  but  from 
there  on  the  main  pipe  line 
should  reach  the  mine  by  the 


Fig.  8 


has  a 
most 


uniform  diameter, 
direct  line  possible. 


It 


In  filling  the  supply  pipe,  water 
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should  be  turned  on  gradually,  for  otherwise  the  moment 
the  pipe  becomes  filled  the  sudden  check  in  the  flow  of 
the  water  will  result  in  a  violent  water  hammer  that 
may  strain  the  pipe  badly,  or  even  burst  it.  Wherever  it  is 
necessary  to  join  the  supply  pipe  and  one  of  the  distributing 
pipes,  the  present  practice  is  to  fork  the  main  pipe  by  means 
of  a  Y  joint  and  to  provide  each  branch  with  a  gate  valve 
similar  to  that  shown  in  Fig.  8. 


NOZZIiES 


EVOLUTION  OF  THE  GIAXT 

10«     Gooseneck. — The  original  form  of  nozzle  for  use  on 
the  end  of   the  metal  pipe  was  the  Gooseneck,  shown  at 


Pio.  9 


Fig.  9  (a).     This  consisted  of  two  elbows  turned  in  opposite 
directions,  the  upper  one  being  provided  with  a  nozzle.    The 
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pressure  of  the  water  caused  the  joints  to  leak,  and  when  the 
nozzle  was  turned  so  as  to  make  an  angle  with  the  direction 
of  the  supply  pipe,  it  would  buck,  or  fly  back,  thus  endanger- 
ing the  lives  of  the  operators. 

11.  Globe  Monitor. — The  Gooseneck  was  succeeded  by 
the  Craig  Globe  Monitor  shown  at  Fig.  9  (i).  This  con- 
sisted merely  of  a  ball-and-socket  joint,  to  which  the  nozzle 
was  attached.  The  pressure  of  the  water  in  the  joint  made 
it  very  difficult  to  operate. 

la.  Hydraulic-  Chief.— Mr.  F.  H.  Fisher  invented  the 
Hydraulic  Chief,  which  was  the  next  advance.  This  nozzle 
is  shown  at  Fig.  9  (r).  The  main  improvements  consisted 
in  the  use  of  two  elbows,  placed  in  reversed  positions  when 
in  a  straight  line,  connected  by  a  ring  in  which  there  were 
antifriction  rollers.  The  ring  was  bolted  to  a  flange  in  the 
lower  elbow  but  allowed  the  upper  elbow  a  free  horizontal 
movement,  while  the  vertical  motion  was  obtained  by  means 
of  a  ball-and-socket  joint  in  the  outlet  of  the  upper  elbow. 
The  interior  was  unobstructed  by  bolts  or  other  fastenings, 
and  the  pipe  man  could  operate  it  by  means  of  a  lever 
without  danger  to  himself.  Riffles  similar  to  those  shown 
at  ^  were  inserted  in  the  discharge  pipe  to  prevent  the 
rotary  movements  of  the  water  caused  by  the  elbows  and  to^ 
force  it  to  issue  in  a  solid  stream.  These  nozzles  soon 
became  leaky  at  the  joints,  but  the  riffles  have  remained  as 
one  of  the  features  of  the  Giants  ever  since.  If  the  water 
issues  from  the  nozzle  with  a  rotary  motion,  it  will  spray 
and  not  form  a  solid  stream. 

1 3.  Dictator.  —  The  Hoskins  Dictator  was  the  next 
improvement  in  nozzles.  This  was  a  single-jointed  nozzle 
with  elastic  packing  instead  of  two  metal  cases.  The  joint 
worked  up  and  down  on  pivots,  and  in  rotating  it  small 
wheels  ran  around  against  the  flange. 

14.  Little    caant. —  The    Little   Giant,  a    subsequent  » 

invention  of  Mr.  Hoskins,  on  account  of  its  simplicity  and 
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durability,  superseded  all  previous  nozzles.  This  is  illus- 
trated at  Fig.  9  (rf).  It  is  a  two-jointed  nozzle,  portable 
and  easily  handled,  having  a  knuckle  joint  to  give  it  a 
vertical  range,  and  a  swivel  joint  in  the  pipe  for  the  hori- 
zontal movement.     The  nozzle  was  provided  with  riffles. 

16.  Hydraulic  Giants. — The  Little  Giant  was  suc- 
ceeded by  the  Hydraulic  Giant,  one  form  of  which  is  shown 
at  Fig.  9  (e).  In  this  form,  the  pivot,  or  knuckle  joint,  is 
placed  between  the  two  elbows,  the  swivel  being  at  the  top 
of  the  lower  elbow.  The  joint  has  no  bolts  passing  through 
it,  as  was  the  case  in  the  Little  Giant,  thus  giving  a  free 
passage  to, the  water.  The  pipe  is  provided  with  a  balance 
weight  similar  to  that  shown  in  connection  with  the  Little 
Giant. 

16.  Monitors. —  The  Monitor,  a  nozzle  invented  by 
Mr.  H.  C.  Perkins,  is  shown  at  Fig.  9  (/). 

17.  Deflecting  Nozzle. — In  the  earlier  forms  of  Giants 
it  was  necessary  to  drag  the  pipe  backwards  and  forwards, 
or  lift  or  depress  it  by  manual  labor.  This  was  extremely 
difficult  and  coupled  with  more  or  less  danger  to  the  oper- 
ator. Mr.  Hoskins  invented  the  deflecting  nozzle,  which  is 
a  simple  device  by  means  of  which  one  man  can  easily 
handle  the  largest  Giant.  The  attachment  is  shown  in  con- 
nection with  the  machines  illustrated  at  Fig.  9  (e)  and  (/), 
and  may  be  described  as  follows:  There  is  a  small  extension 
to  the  regular  nozzle,  which  in  some  cases  is  slightly  larger, 
and  in  others  practically  of  the  same  diameter  as  the  nozzle. 
The  extension  is  connected  to  the  main  pipe  by  means  of  a 
ball-and-socket  joint,  as  shown  at  r?.  Fig.  9  (e),  and  at  d, 
^'8r-  ^  (/)•  The  deflecting  nozzle  is  operated  by  means  of 
a  handle  c,  which  ordinarily  rests  on  a  support  d.  When 
the  handle  c  is  on  the  support  d,  the  two  nozzles  are  in  line. 
If  the  deflecting  nozzle  be  moved  in  any  direction  by  means 
of  the  handle  ^,  one  side  of  it  will  be  brought  into  contact 
with  the  stream  as  it  issues  from  the  regular  nozzle,  and 
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the  force  of  the  stream  reacting  against  the  deflecting 
nozzle  will  force  the  entire  pipe  in  the  direction  of  the 
interference.  In  order  to  cause  the  pipe  to  travel  in  aay 
given  direction,  it  is  only  necessary  to  thrust  the  handle  c 
in  that  direction.  If  the  pipe  man  is  cool  and  collected,  this 
deflecting  nozzle  gives  him  absolute  control  over  the  pipe  at 
all  times,  and  removes  much  of  the  danger  formerly  con- 
nected with  this  part  of  hydraulic  mining. 

1 8.  General  Remarks  on  Ilydraiille  Nozzles. — Moni- 
tors or  (jiants  of  any  description  must  be  securely  fastened 
by  being  bolted  to  timbers,  the  timbers  and  the  first  joint  of 
pipe  being  weighted  with  rocks;  for  if  the  Giant  can  get 
into  motion  and  once  starts  to  tremble,  it  is  almost  sure  to 
buck,  and  frequently  tears  loose  from  the  pipe,  so  that  the 
Giant  and  the  man  at  the  pipe  are  both  washed  away  by  the 
flood  of  water  from  the  supply  pipe. 

In  using  the  nozzle  for  hydraulicking  considerable  skill  is 
required.  If  the  bank  contains  a  stratum  of  clay,  together 
with  a  considerable  quantity  of  large  boulders,  it  is  possible 
to  cut  the  clay  in  such  a  manner  that  it  will  practically 
lubricate  the  way  for  the  boulders,  and  they  will  slide  over 
the  bed  rock  into  the  sluices  as  though  the  way  had  been 
greased.  On  the  other  hand,  the  mixing  of  the  boulders 
and  clay  will  facilitate  the  breaking  up  of  clay  balls.  This 
is  especially  true  where  the  sluices  are  provided  with  steps. 
An  experienced  pipe  man,  as  the  man  who  operates  the 
Giant  is  called,  is  much  more  valuable  than  several  inex- 
perienced men,  as  he  knows  just  how  to  take  advantage  of 
the  different  classes  of  material  and  to  get  the  most  work 
out  of  the  water. 

19,  Caving  Banks. — In  opening  up  a  placer  mine,  the 
work  is  commenced  near  the  sluice.  As  the  bank  recedes, 
bf(]  rock  cuts  or  j^round  sluices  must  be  advanced  to  the 
face  to  facilitate*  wasin'ni;  the  gravel  into  the  sluice  proper. 
The  banks  are  ordinarrly  caved  by  turning  two  or  more 
streams  against  any  one  point  in  the  bank  in  such  a  manner 
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to  tin  derm  ine  it,  as  iHustrated  in  Fig;  10,  When  the 
per  IS  clcltvt;red  with  a  force  of  from  150  to  Wn  pounds  to 

square  inch,  it  rapidly  undermines  the  bank,  washes 
|y  the  material,  and  carries  the  debris  into  the  sluice, 

tic  hank  caves  readily,  one  pipe  may  be  used  for  cutting, 
lie  the  stream  fmni  the  other  washes  the  gravel  through 

bed  rock  cuts  into  the  sluices.     The  face  of  the  bank 


'f^fift^-:^*- 


"^ 


X^ 
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kild  be  kept  square,  advantage  being  taktMi  of  any  cor- 
that  may  be  left,  and  under  no  circumstances  should  a 
leshoe  shape  be  fornreiL  When  t!ic  cut  is  rapidly  pushed 
id  and  the  work  ruit  square,  the  men  at  the  pipes  become 
rcled  by  the  high  walls  and  their  lives  are  in  danger. 
pre  the  banks  exceed  150  feet  in  height,  tht?  deposit  is 
illy  worked  in  two  benches.  When  the  men  at  the  pipes 
thai  the  bank  is  about  to  cave,  the  water  should  be 
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immediately  turned  away,  for  if  the  cave  falls  on  water,  a 
rush  of  debris  is  liable  to  follow  that  will  bury  the  pipes 
and  force  the  men  to  run  for  their  lives.  In  mines  that  arc 
only  operated  by  day,  caves  are  usually  made  just  before 
quitting  time  at  night.  Where  possible,  the  washing  should 
be  continuous  and  no  water  allowed  to  run  to  waste;  hence 
it  is  desirable  to  have  several  faces,  or  openings,  so  that  the 
stream  may  be  diverted  from  one  to  the  other  while  the 
bed  rock  cuts,  or  sluices  are  being  lengthened.  Sometimes 
these  cuts  are  as  much  as  (30  or  70  feet  deep.  As  a  precau- 
tion against  theft,  where  claims  are  worked  intermittently, 
the  sluices  are  run  full  of  gravel  before  closing  down. 


DISCHARGE  FROM  NOZZLJBS 

20.  Velocity  of  Efflux.— The  vertical  height  of  the 
water,  from  the  surface  in  the  pressure  box  to  the  nozzle,  is 
the  licad,  and  the  velocity  with  which  the  water  issues  from 
the  nozzle  follows  practically  the  same  laws  as  those  for  free 
falling  bodies. 
Let 

V  =  velocity  of  efflux  in  feet  per  second; 
//  =  head  in  feet  at  the  nozzle. 

The  theoretical  velocity  of  efflux  is  expressed  by  the 
formula 

V  =  s^tgh  =  8.02i/A 

Here  ^  =  32. 16,  that  is  the  velocity  of  efflux  is  the  same 
as  if  the  same  weight  of  water  had  fallen  through  a  height 
equal  to  its  head.  Friction  prevents  the  stream  attaining 
this  theoretical  velocity. 

Example  1.— With  what  velocity  will  a  stream  of  water  issue  from 
a  4-inch  nozzle,  when  the  head  is  200  feet  and  the  coefficient  of  velocity 

is  .98  ? 


Solution.—    7/  =  98  f2^^//  =  .98  ^2  X  82.16  X  200  =  111.16  ft 

per  sec. 
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The  quantity  of  water  that  will  theoretically  pass  a  nozzle 
will  be  equal  to  the  cross-sectional  area  of  the  nozzle  multi- 
plied by  the  velocity  in  feet  per  second. 
Let 

Q  =  quantity  that  passes  in  1  second  in  cubic  feet ; 
A  =  cross-sectional  area  of  the  nozzle  in  square  feet; 
7'  =  the  mean  velocity. 
Then 
Q  =  A  V  =  .9S  A  i/2£Ti  =  .98  X  {d'  X  .7854)  i/^Y/i 

Example  2. — What  quantity  of  water  will  be  discharged  from  a 
nozzle  4  inches  in  diameter,  with  a  head  of  200  feet,  and  a  coefficient  of 
velocity  of  .98  ? 

Solution. —    Q  =      '        X  111.15  =  9.7  cu.  ft.  per  sec.     Ans. 

The  actual  discharge  is  probably  not  more  than  80  per  cent,  of  the 
theoretical  discharge.  To  reduce  this  quantity  to  miners'  inches  divide 
the  number  of  cubic  feet  by  1.5. 

21,  The  Energry  of  a  Jet  of  Water. — A  given  weight 
of  water  (equal  to  area  of  cross-section  multiplied  by  head  //) 
at  a  velocity  v  would  have  an  energy  expressed  by  the 
formula, 

in  which  v  is  the  velocity  that  the  water  would  attain  if  it 
fell  freely  through  the  height  //.  The  theoretical  work  that 
the  water  can  do  is  equal  to  its  kinetic  energy.  The  quan- 
tity of  force  that  a  body  in  motion  is  capable  of  exerting 
when  suddenly  stopped  is  called  its  momentum,  but  in  the 
case  of  a  stream  of  water  this  amount  of  force  is  developed 
at  the  nozzle  only.  The  force  of  gravity  and  the  resistance 
of  the  air  weaken  the  force  of  the  stream,  and  at  a  suffi- 
ciently great  distance  from  the  nozzle  the  force  of  the 
stream  will  be  entirely  dissipated.  The  above  formula  will, 
therefore,  only  be  useful  where  the  momentum  can  be 
utilized  at  the  nozzle,  as  in  the  case  of  impulse  waterwheels. 

KxAMPLB. — What  theoretical  amount  of  work,  expressed  in  horse- 
ptjwer  per  minute,  can  be  obtained  from  a  stream  of  water  issuing 
165—7 
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from  a  4-inch  nozzle,  under  a  head  of  200  feet,  and  with  a  mean  velocity 
of  111.15  feet  per  second  ? 

Solution. —  IV  =  cu.  ft.  per  sec.  multiplied  by  the  weight  of 
1  cu.  ft.  of  water. 

9.23x62.5  =  576.91b.: 
2/«  =  111.15  X  111.15  =  12,354.8; 
2g  =  64.32,  then 
A-  =  576^_X.^:?54.3  ^  ^jq  ^qq  ^^^  ^^is  divided  by  650  ft-lb.  per  sec. 
=  201  H.  P.     Ans. 

Note. — This  answer  does  not  agree  with  the  horsepower  given  in 
the  tables,  but  is  as  approximately  correct,  and  on  the  safe  side. 

22.  Flow  of  Water  Through  Nozzles.— The  follow- 
ing tables  have  been  computed  from  a  large  amount  of  data 
obtained  by  the  most  careful  experiments.  They  will  be 
found  fairly  reliable  and  of  much  assistance  for  reference. 
The  velocity  in  feet  for  varying  heads  is  given  in  the  second 
column.  Table  I,  and  the  cubic  feet  per  minute  and  horse- 
power developed  under  the  heading  diameter  of  nozzles. 
Their  use  is  illustrated  in  the  following  examples: 

Example  1.— The  head  being  125  feet,  {a)  how  many  cubic  feet 
per  second  will  a  nozzle  4  inches  in  diameter  discharge  ?  {6)  How  many 
miners'  inches  ? 

Solution.— uo  In  Table  I  find  in  the  first  column  the  given  head 
12{)  ft.,  opposite  \^ich.  in  column  headed  4  in.,  will  be  found  the 
required  quantity,  viz.,  7.28  cu.  ft.     Ans. 

{!))    7. 28  X  •')()  =  364  miners'  inches.     Ans. 

Example  2. — Between  the  inlet  and  the  nozzles  of  a  hydraulic  pipe 
3  feet  in  diameter,  the  distance  is  5  miles  and  the  total  fall  275  feet 
The  pipe  is  to  carry  2,()()0  miners'  inches  of  water,  which  is  to  be  dis- 
charged through  two  Little  Giants,  or  nozzles  equal  in  size,  (a)  What 
will  be  the  loss  of  head  by  the  resistance  in  the  main  pipe  ?  (d)  WTiat 
will  be  the  size  of  each  nozzle  ? 

Solution. — {a)  In  Table  II.  find  in  column  headed  86  in.  that  number 
which  multiplied  by  50  will  make  2.000,  the  given  number  of  miners* 
inches.  In  this  case,  40.80  approximates  suflSciently  near,  opposite 
which,  in  the  column  Fall  per  Mile,  is  found  14.78  ft.,  the  loss  of  head 
per  mile.  Multiply  this  by  5,  the  length  of  the  pipe,  and  we  have 
14. 7h  X  •">  ---  7:{.9  ft.,  the  loss  of  resistance  in  the  pipe  5  mi.  long.  Sub- 
tracting this  from  the  total  head,  275  —  78.9  =  201.1  ft,  remaining 
head.     Ans 
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PLACER    ^ 


TABIilJ 

QUAJrriTY   AXD  HORSEPOWER  OF  FLO 


Head 
Feet 


Veloc'ty 
Per  Sec. 

Feet 


l.ol 

1.5  I 
2.0 ; 

2-5! 
3.0: 

3-5  1 
4.0 

4-5 
50 
6.0 
7.0 

7-5 

lO.O 

12.5 
15.0 

17-5 
20.0 
22. 5 
250 

27-5 
30.0 

32  5 
35.0 
40.0 
45.0 
50.0 

f)0.0 

70.0 

So.o 

90.0 

jfyn.o 

I25.« 
I  50.0 

175  <> 
200.0 
250.0 

300.0  , 
350.0 

400.0  ; 

450.0 

500.0 
550.0 
600.0 
700.0 , 

800.0 1 
900.0  I 

1,000.0  j 


8.025 

9.83 

11-35 
12.68 
13.90 
I5-OI 
16.05 
17.02 

17-95 
19.66 
21.23 
21.98 
25.38 

2S.37 
31.08 

33-5 

35.89 

33.07 

40.13 

42.08 

43-95 

45-75 

47-47 

5075 

53-83 

56.75 

62. 16 

67.14 

71.78 

76.13 

80.25 

89.72 

98.28 

106.1 

113-5 

127. 1 

139.0 

1 50. 1 
160.5 
170.2 

1794 
188.2 
196.6 
212.3 
226.9 
240.7 
2538 


50M 
Inch 

I  Cu.  Ft 
H.P. 


I 


.106 
.158 
.211 
.264 
.317 
•370 
.421 

•474 

.528 
.634 

.739 
.702 
1.06 
1.32 
1.59 
1.85 
2. 1 1 
2.38 
2.64 
2.90 
3.02 
3-34 
3-69 
4.22 

4.75 
5-28 
6.34 
7-39 
8.46 


xooM 

Inch 


a  Cu  Ft. 
H.P. 


X  Inch 


Cu.  Ft.     H.  P. 


.212 
.316 
.422 

.528 
.634, 
.740  I 
.8421 
.948  I 

1.06 

1-27    I 

1.48  ' 

1.58  I 

2.12  . 
2.64  ' 
3.18 

3- 70 

4.22  I 

4.76  , 

5.2S  , 

5.80  , 

6.04  ' 

6.68  1 

7.38  I 

8.44  i 

9- 50 

10.56  I 

12.68  I 

14.78  , 
16.90 


9-53 

19.06 

,   10.56 

21.12 

13.21 

26.42 

:  15.85 

31.70 

1  18.50 

37.00 

1 21.14 

42.2S 

26.62 

52.84 

31.70 

63.40 

37.08 

74.16 

1 42.27 

84-54 

:  47.64 

95.28 

5a.  84 

105.7 

58.22 

1 16.4 

63.41 

126.8 

73.98 

148.0 

84.55 

Uyg.l 

95.14 

190.3 

105.6 

211. 2 

.041 
.050 
.058 
.064 
.061 
.016 
.081 
.086 

.091 
.100 
.108 
.III 
.129 

.144 

.158; 

.170 1 

.182 

.193' 

.204 
.213  i 
.228  I 
.232  I 

.241 1 

.257 1 

.273! 

.2S8  I 

•3851 
-341 
.364' 
.386 

-407 

.455 

-4W 

.539 

.576 

.644 

.7<>5 

.762  I   30. 

.814  I  37. 

.8641  44 

.910  I   51. 

.9551   59- 

.9*)9|  68. 
i.o()  I  85. 
1. 15  JI04. 
1.22  1 124. 
1.29     146. 


0046 

0085 

013 

018 

024 

030 

030 

044 
051 
068 
086 

o<;5 

146  I 
204  I 
269  I 

339 
414 

494 

578 

()()0 

760 

S57 
958 

17 
40     I 

64 

15 

71 

31 

95 

63 

47 

50 

70 

I 

3 

o 

3 
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Head 

Velocity 
Per  Sec. 

Feet 

Feet 

I.O 

8.025 

1.5 

983 

2.0 

11.35 

2.5 

12.68 

3.0 

13.90 

3.5 

15.01 

4.0 

16.05 

4.5 

17-02 

^  I 


5.0 
6.0 
7.0 

7.5 

lO.O 

12.5 
15.0 

17-5 
20.0 
22.5 
25.0 
27.5 
30.0 
32-5  '■■ 
35.0  I 
40.0  I 

45-0   : 

50.r)  I 
60.0 
70.0 
80.0 
90.0 
lOO.O 

125.0 
150.0 
1750 

200.0 
250.0 
300.0 

350.0 

400.0 

450.0 1 
500.01 
550.0 

600.0  I 
700.0  I 
800.0 
900.0 
1,000.0 


17-95 

19.66 
21.23 
21.98 
25.38 
2S.37 

31.08 
33-57 
35.89 
38.07 
40.13 
42.08 
43-95 
45.75 
47.47 
50.75 
53.83 
56.75 
62. 10 

67-14 
71.78 

76.13 
80.25 
89.72 
98.28 
106. 1 
113.5 
127.1 
139.0 
150. 1 
if)0.5 
170.2 

179-4 
1S8.2 
196.6 
212.3 
226.9 
240.7 
253-8 


PLACER    MINING 
TAIJIjF.   \— {.Continued) 
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Diameters 

of  Nozzles 

.M 

2.0  M 
Inch 

— 

ich 

3  Inches 

3-5 

Inches 

4  Inches 

4-5 

[nches 

I.  Ft. 

4  Cu.  Ft. 
H.  P. 

.P. 

Cu.  Ft. 

H.  ]>. 

Cu.  Ft. 

H.  P. 

Cu.  Ft. 

H.  p. 

Cu.  Ft. 

H.P. 

.  3^8 

.424 

•372 

.040 

.50 

.056 

.656 

.072 

.81 

.090 

•474 

.632 

•444 

.076 

.61 

.105 

.800 

.136 

I. GO 

.171 

.()33 

.^44 

.520 

.116 

.70 

.160 

.928 

.208 

I.I7 

.260 

.792 

1.06 

.5  So 

.164 

•79 

.224 

1.02 

.288 

1.30 

.370 

.951 

1.27 

.(136 

.216 

.86 

•295 

1. 14 

.384 

1.43 

.485 

I.  no 

r.4S 

.6S4 

.272 

•94 

.370 

1.22 

.480 

1.54 

.612 

1 .  2^) 

i.()S 

.742 

■332 

1.02 

.452 

1.30 

.592 

1.64 

.742 

1.42 

i.f^) 

.776 

•39<> 

1.06 

.540 

1.38 

.704 

1.74 

.S15 

1.5^ 

2. 12 

.820 

•452 

1. 11 

.(XX) 

1.46 

.S16 

1.84 

1.02 

i.(/^ 

2.54 

.  S9(> 

.612 

1.22 

.833 

l.iiO 

1.09 

2.01 

I.3S 

2.22 

2.96 

.9()3 

.772 

1.32 

1.05 

1-73 

1.38 

2.18 

1.74 

2.3S 

3-1^' 

nyy 

.856 

1.36 

1.16 

1.7S 

1.52 

2.25 

1.92 

3.1S 

4.24 

1.16 

1.32 

1-57 

1.79 

2.16 

2.34 

2.61 

2.97 

3.()() 

';.2S 

1.30 

1.84 

i.7'> 

2.50 

2.30 

3.46 

2.92 

4.14 

4.77 

(,.36 

1.42 

2.42 

1-93 

3- 29 

2.53 

4.32 

3.19 

5.44 

5-55 

7.4'> 

1-53 

3-13 

2.08 

4.20 

2.72 

5.44 

3.44 

704 

^>-33 

8.44 

1.04 

3-72 

2.23 

5.07 

2.91 

6.64 

3.69 

8.37 

7.14 

9.52 

1.74 

4  44 

2.3(' 

6.05 

3.09 

7.92 

3.91 

9.99 

7-Q2 

10.56 

I. S3 

5 .  20 

2.54 

7.0S 

3.26 

9.24 

4.12 

11.70 

8.70 

n.<)0 

1.92 

().fXJ 

2.61 

8.17 

3-41 

10.68 

4.32 

13.50 

9.06 

T2.()S 

2.03 

6. 84 

2.79 

9.31 

3.65 

12.16 

4.61 

15.39 

0.02 

1 3. 36 

2.0<) 

7.72 

2.84 

10.50 

3.71 

13.72 

4.70 

17-37 

1.07 

14.7^1 

2.17 

8.6<3 

2.95 

11.71 

3.86 

15.32 

4.88 

1935 

2.(')6 

i().SS 

2.32 

10.52 

3-15 

14.33 

4.12 

18.72 

5.22 

23.67 

4-2? 

19.  CK) 

2.46 

I2.5^J 

3.34 

17.10 

4.3^> 

22.40 

5.54 

28.25 

5.84 

21.12 

2.5'J 

1472 

3.52 

20.03 

4.rK) 

26.24 

5.83 

32.12 

9.02 

2^.36 

2. 84 

19-36 

3.86 

26.32 

5.04 

34.40 

,     6.39 

43-55 

•2.17 

2<).56 

3.06 

24.40 

4.17 

33.17 

5.42 

4336 

6.84 

54.90 

I5.3(> 

33.  SO 

3.2S 

20. 80 

4.40 

40.55 

5.81 

52.96 

;  7.3S 

67.05 

»8.';9 

3^.12 

3-4t» 

35.52 

4.73 

4?.  37 

6.16 

68.20 

,  7.78 

79.92 

u.^'.s 

42.24 

3.66 

4i-^>4 

4.9» 

56.67 

6.52 

74.08 

;  8.23 

93.70 

i().r)3 

52.84 

4.08 

58.20 

5.57 

79.20 

7.28 

103.5 

.  9.18 

130.9 

1755 

(.3.40 

4.48 

7f>-4S 

6.10 

104.10 

8.00 

136.0 

10.08 

1 72. 1 

35-50 

74.  <» 

4-^4 

96.28 

6.r)o 

131.07 

8.04 

171. 2 

10.89 

216.6 

)3-42 

H4.5^> 

5.10 

II7-7 

7.05 

1()0.22 

9.23 

201.3 

!  II. 61 

361.7 

79.26 

10^.7 

^.So 

164.5 

7.8S 

223.92 

10.32 

2g2.8 

13.05 

370.2 

^5.ro 

I2().S 

6.3^^ 

216.3 

8.63 

294.3 

11.28 

384.0 

14.31 

486.9 

11.2 

148.3 

6.84 

272.6 

9-33 

371.2 

12.20 

484.8 

15.39 

613.2 

26.  S 

169.1 

7.32 

323.0 

9-97 

453.2 

13.04 

592.0 

16.47 

749-« 

42.9 

i(^).6 

7.7<> 

3')7-4 

10.5S 

541.0 

'13.84 

707.2 

17.46 

894.2 

5-^o 

211. 4 

S.  20 

406  0 

11.15 

627.0 

14.56 

827.2 

18.45 

1.048.0 

74-7 

232.5 

8.40 

536.  s 

11.69 

731.0 

15.28 

955.2 

'  18.90 

1.208.0 

./J.2 

253.6 

8.02 

611. 0 

12.21 

S32.7 

15.96 

1,080.0 

\  20.07 

1.376.0   • 

21.9 

2(j6.o 

9. 84 

771.2 

13.31 

1. 051.0 

17.44 

1. 371. 2 

122.14 

I  735.0 

r3.6 

33S.2 

10.32 

942.0 

14.10 

l.i:S2.o 

18.40 

I  675.2 

23.22 

2  1 19.0 

S5.4 

38<;.6 

11.00 

1,124.0 

14.90 

1,530.0 

19.52 

1.998-4 

247s 

25S9-O 

16.8 

1  422.4 

11.56 

1,31^.0 

I5.7^> 

1.791.0 

20.64 

2,339.2 

26.00 

1 

2,961.0 
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PLACER 
TABIiE  I- 


Head 
Feet 


l.o 
15 

25 
3.0 

3.5 
4.0 

4-5 

5.0 
6.0 
7.0 

7-5 
10.  o 

12.5 
15.0 
17.5 
20.0 

22.5 
25.0 

27-5 
30.0 

32-5 
350 
40.0 
45.0 
50.0 
6<j.o 
70.0 
So.c 
90.0 

HX).0 

125.0 
150.0 

1750 

200.0 
250.0 
300.0 

350.0 

4CX>.o 
450.0 
500.0 
550.0 
600.0 
7rX).0 
xScxj.o 
ytXJ.O 
I.OOO.O 


Velocity 
Per  Sec. 

Feet 


8.025 
9.83 
11.35 
12.68 
13.90 
1501 
16.05 
17.02 

17-95 
19.66 
21.23 
21.98 

25.3S 
28.37 
31.08 

33-57 
35.80 
38.07 
40.13 
42.  oS 

43  95 
45.75 
47  47 
50.75 
53.^3 
5^-75 
62. 16 

67.14 
71.78 
76.13 
S0.25 

89-72 
98.23 
106. 1 
113.5 
127.1 
139.0 
1 50. 1 
160.5 
i  170.2 

179-4 
1SS.2 
196.0 
212.3 
226.9 
240.7 
253.S 


^x>  M 
"Inch 

6  Cu.  Ft, 
H.  P. 


.616 
.948 
1.27 
1.58 
1.90 
2.22 

2.53 
2.84 
3.18 
3.81 

4  44 
4-74 
6.36 
7.92 

9.54 
II. 10 
12.66 
14.28 

15.84 
17.40 
1S.12 
20  04 
22.14 
25.32 
29. 50 
31. 68 
38.04 
44.34 
50.74 
57-18 
63.36 
79.26 
95.10 

III.O 

126.8 

158.5 
190.2 
222.5 
253.6 
285.8 
317.I 
349-2 
380.4 
444.0 
507.3 
570.9 
633.6 


^x>  M 
Inch 

8  Cu  Ft. 
H.  P. 


8.8 
1.26 
1.69 
2.  II 

2.54 
2.96 

3.37 

3.79 

4.24 

5.08 

5.92 

6.32 

8.48 

10.56 

12.72 

14.80 

16.88 

19.04 

21.12 

23.20 

24.16 

26.72 

29.52 

33.76 

38.00 

42.24 

50.72 

59-12 

67.64 

•  76.24 

84.48 

95.68 

126.8 

148.0 

169. 1 

211.4 

253.6 

296. 6 

338.2 

381. 1 

422.8 

465.6 

507.2 

592.0 

676.4 

761.2 

844.8 


5  Inches 


Cu.  Ft.      H.  P. 


1.02 
1.25 
1.44 
1.61 
1.76 
1.90 
2.03 
2.16 
2.27 

2.49 
2.69 

2.79 

3-22 
3.59 
3.94 
4.26 

455 
4.83 
5.09 
5-34 
5.70 
5.80 
6.02 
6.44 
6. 82 
7.19 
7.SS 
8.51 
9.10 
9.65 
1. 017 
11.38 
12.46 
13.46 
14.34 
16.09 
17.62 
19.04 
20.35 
21.59 
22.75 
23. 86 

2493 
27.18 
28.77 
30.52 
32.17 


.116 
.212 
.327 

.457 

.6oi 

.757 

.925 

1. 10 

1.26 

1.70 

2.14 

2.38 

3.66 

5.11 

6.72 

8.46 

10.34 

12.34 

14.45 

16.67 

19.00 

21.42 

23-94 
29.25 

3490 
40.  S7 
53-72 
67.72 
82.76 
98.72 
II5-6 
161. 6 
212.5 
267.5 
327.0 

457.0 
601.0 

757-2 

925.0 

,1,104.0 

1,293.0 

1,4910 
1,699.0 
2,142.0 
2,616.0 
3,122.0 
3,656.0 
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Head 

Velocity 
Per  Sec. 

Feet 

Feet 

1.0 

8.025 

1.5 

9.83 

2.0 

11.35 

2.5 

12.68 

3.0 

13.90 

3-5 

15.01 

4.0 

16.05 

4.5 

17.02 

5.0 

17.95 

6.0 

19.66 

7.0 

21.23 

7.5 

21.98 

10. 0 

25.38 

12.5 

28.37 

15.0 

31.08 

17.5 

33.57 

20.0 

35.89 

22.5 

38.07 

25.0 

40.13 

27.5 

42.08 

30.0 

43.95 

32.5 

45-75 

35.0 

47.47 

40.0 

50.75 

45.0 

5383 

50.0 

56.75 

60.0 

62.16 

70.0 

67.14 

80.0 

71.78 

90.0 

76.13 

100. 0 

80.25 

125.0 

89.72 

150.0 

98.28 

175.0 

106.1 

200.0 

113.5 

250.0 

127. 1 

300.0 

139.0 

350.0 

1 50. 1 

400.0 

160.5 

450.0 

170.2 

500.0 
550.0 
600.0 

179.4 
188.2 
196.6 

700.0 
800.0 

212.3 
226.9 

900.0 
1,000.0 

240.7 
253.8 

500 

Inc 


10  Cu 
H.. 


ic 
13 
15 
18 

21 

23 
26 
2(] 
30 

33 
3^ 
42 

47 
^2 

63 

73 

84 

95 

105 

132 

i«;S 

185 

211 

264 

317 

37c 

422 

47C 

52e 
582 
634 

73f. 

84? 

951 

1,05^ 


PLACER    MINING 
TABL.E  l—(Conlmuea) 
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I>[ftmetflr«  of  Noi^ea 

^  Jl 

Inch 

l«s 

8  iTicbr* 

9] 

nch«« 

10] 

[ncbe« 

islffld 

^-.Ft. 

H.  R 

-   »*. 

Cu.  Ft. 

H.R 

Cu  Ft 

H.  P. 

Co.  Ft. 

H.  P. 

Cu-FL 

I 

-.06 

3,13 

3.63 

.388 

3-35 

.360 

4-07 

.46 

5-96 

-.53 

3.16 

3,20 

'544 

399 

.684 

4.99 

.35 

7.11 

^.11 

4.23 

3'7T 

.S33 

4M 

l.cH 

5^76 

1.30 

S.32 

..64 

5^2fl 

4.0S 

i.Ts 

5.22 

r.49 

6.44 

1-83 

g.2S 

•  f7 

&-34 

4-56 

1-54 

5  72 

1.94 

7-05 

2.40 

to.  16 

j:  -,70 

7.40 

4.3s 

I.CJ2 

ft,  16 

3,45 

7,62 

3-03 

10.96 

r  i.2i 

g.4^ 

S.nu 

2.37 

6,58 

3.99 

S.14 

3.70 

11.89 

^'-U 

9  4'^ 

5.52 

2.SI 

fKgS 

3,26 

B.64 

4-42 

13.40 

%  *M 

UiAi 

5-^4 

3*  2^1 

7.38 

4.07 

7,10 

5-05 

13,12 

*^34 

13-7 

0.40 

4.3f^ 

S.<j6 

5-5t 

9-97 

G.80 

U3a 

^'-39 

J  4^  8 

Li.  92 

5^52 

B.71 

(1.9s 

10.77 

8.57 

15.48 

S'.ga 

15.S 

7.12 

ij.oS 

9-00 

7-70 

ii.14 

9  50 

16.00 

3i.6 

2r.2 

8JM 

*?-3*> 

10.41 

I  [.SB 

12.87 

14*63 

1S.56 

3   2 

3iK4 

f>.2fJ 

13-H 

11.70 

tf*,50 

14.39 

20.44 

20.  So 

-I- .'J 

31.^ 

10.  T2 

J  7^28 

,2.7s 

2T.7S 

t5-7*> 

26.87 

22.72 

3.5 

37.<> 

ro,HS 

3I.7*> 

13  77 

^«  17 

17^03 

33^  St. 

24-48 

^.i 

42.3 

n.f>4 

36. 5<) 

14-7^ 

33-4S 

t8.20 

41  37 

26.24 

-7.i^ 

47.  f^ 

12.3^1 

31.61^ 

I5.fj6 

39- 9^^ 

»9-3l 

49-37 

27.84I 

2-* 

52.8 

13,04 

3(>j>fj 

16.47 

4(1.  So 

2r>.35 

57.S2 

29*28! 

^.0 

58.0 

i3^>4 

4272 

J7.23 

54.00 

21.34 

tj6. 70 

3«-73 

0.2 

(K).4 

14. M 

4B.f>4 

t!^45 

hl.St^ 

33.  Si 

76.01 

33.80 

^.4 

6().  S 

14  S4 

54,  ss 

i^.Si 

(H,.4S 

2-1.20 

S5.70 

33-44; 

X..g 

73> 

15-44 

61, 2S 
74- ^J^ 

J'h?3 

20.>^S 

7740 

34.  oS 

95  79 

34-721 

13.2 

S4.4 

|!'4'^ 

(>4.Cp8 

25-74 

t  i  7*0 

37*121 

-^0 

()5.o 

17-44 

Sf»Hito 

33.14 

m.o 

37,30 

1396 

39- 3^ 

5.S 

105.6 

T^.+. 

loS-o 

113-31 

12^5 

2!*.  79 

1&3.5 

4K44; 

^54 

I2().S 

20,  iti 

n7'<* 

35-5** 

174-2 

31-53 

2149 

45  44, 

tiJ.c, 

I47> 

21. ^H 

1734 

27-54 

3ig,fi 

34.06 

370.9 

4&.0: 

;S.l' 

I(M).I1 

23. 3t^ 

211. S 

3(»,52 

afji.2 

36,41 

33i'tJ 

5^-4^; 

5^.3 

I(^).6 

24  'M 

252hS? 

3T-I4 

31^-7 

^SJjI 

3*^4  9 

55-36^ 

^'.<> 

211.2 

2(MJ> 

2M0.3 

3a-'M 

374- S 

;o.70 

462,5 

56,56 

^<l.i 

2(4.2 

^=^l^ 

414.^' 

3^-72 

5=3  S 

45^51 

446.5 

6S,2S    I 

V'.  ? 

3 1 7-" 

y2Ani 

??4'» 

4'>.32 

6SS,3 

40.  &5 

?4,^S 

71.68;   I 

55.0 

370.-    '  34,5(1 

h^4.^ 

43 '50 

SM1.5 

^1.35 

1,070.0 

77-44    2 

>^4 

422.                       Ihn^^O 

!^7v^.4 

4'^-44 

1.0500 

57.  5& 

1,30s. 0 

82.56    a 

7<- 

?2S.4    j  41^125 

M7tA» 

^  2  20 

1,4^^1.  Li 

1*4. 3t> 

1.S2S.0 

g2.£o    3 

j^f.o 

()34.rt    I45   12 

iHr3(>,<^ 

57-24 

1  ^«747''^i 

70.50 

2,403.0 

101.76    4 

I  i.» 

741 -^^      4:-^^^^ 

l,44^r" 

t'l.?Li 

2,453.0 

76.15 

3.029.0 

109.4  1   5 

3i.7 

S45.4    1  ?ii.  U> 

'^*  ^^,"',i» 

b^.^^ 

1,0117.  c* 

5>t,4l 

3,7fx>.o 

117-I 

i 

4^44 

052.  J^    1  ??-3'^ 

2.  S  20.0 

(^).  >4 

3.577.0 

i^6.35 

4.415.0 

124.2 

S 

^u 

1.(^57.0      5S.24 

;  4'^><^^ 

73.  So 

4,1040 

01.02 

5.172.0 

131-2 

10 

7<.- 

l.l(»4-i>    ■  (*i  •'- 

3.S21.0 

7f.(>o 

4.S31.0 

05.46 

5,966.0 

134.4 

II 

«r>.i 

1.20S.0    ,(^'^.^4 

4.3?--»' 

So.  2S 

5.5^^.0 

00.71 

0  70J>.o 

142.7 

13 

3,-> 

1,480.1^      1  (M).  7(» 

|;.4S5.o 

SS.?(. 

O.lOT.O 

10S.7 

S  567.0 

157.4 

16 

f>.-5 

i.txji.o    ■  7.V('t^ 

(\7oi.v^ 

v)2.v*^S 

S.47S.O 

115.1 

10.46S.0 

165.1 

20 

3.4 

i.()i>;.o      -S.oS 

7,o»M  0 

t>0.«H^ 

lo.  lino 

122  5 

12  4S().o 

'76.0 

24 

li.O 

2.112.0    i  S2.5() 

y.3?7o 

li^.u^ 

I1.S44-0 

12S. - 

I4.624.t> 

itJS.o 

2S 

PLACER    MINING 

AgMti,  find  3WJ,  tiearest  to  20LI  ft.,  in  column  headed  **head 
in fctt/*  Tuble  I,  opjitTsitp  w^hich,  in  column  headed  (I  in.,  is  ftnind  30,64, 
wbicb  rrmilijtlied  by  no  gives  l^OiJS,  or  approximately  1,CK)0  miners' 
tflch«a,  which  each  noxssle  is  required  to  discharge.  Hence,  each  nozzle 
(iii^flieSin,  in  dmmisUT. 

2*1.    Clirrj-Ing   Capacity  of  Pipes. — In   analyzing  the 

iBo#  of  water,  the  total  head  is  divided  into  three  parts  j 

p>i »  that  fitirtion  which  is  due  to  the  velocity ;  that  portion 

Iwhich <.tvcrcomes  the  resistance  of  entry;  and  that  portion 

Iwhich  overcomes  the  resistance  within  the  pipes.     In  long 

jptpcs,  the  first  two  parts,  compared  with  the  last,  are  quite 

pni^ll,     Iji   Table    II,    the  greatest    velocity    in    any    pipe 

I  la  13.445  feet  per  second,  due  to  4/^  feet,  the  sum  of  the 

pm  and  "liecoiid  portions  of  the  total  head,  while  the  third 

|j**>ni(m  i^  21 L3  feet.     The  head,  or  fall,  in  this  table  refers 

f""  the  third  part  of  the  total  head.     Table  II  has  been  com- 

|»utctl  on  the  assumption  that  the  length  of  any  pipe  is  not 

wx  than   1,0()()  times  its  diameter.     By  ** clean  pipes**  is 

^tmt  pipes  that  are  smooth  and  straight.     When  a  pipe  is 

llglitly  nnigh,  to  determine  its  carrying  capacity,  multiply 

|lc  number  for  clean  pipes  by  .88fj.     When  pipes  are  very 

Igh^  the  number   for  clean   pipes  should    be  multiplied 

,773,     When  the  pipes  have  any  of  the  following  ends — 

II -mouthed,    square  edged,    and   square*edged   projecting 

lo  the  reservoir — their  coefficients  are  .900,  ,836,  and  ,734, 

bpcctivcly, 

tSxAlt^Ll$  h— The  fall  being  5*2.8  feei  per  mile,  what  will  be  the  flow 
jU|?h  n  pipe  23  inches  tn  diameter,  (a)  in  cubic  feet,  iS)  in  miners* 


ai    In  Table  II  ^nd  in  first  colunan  52, S  ft,,  opposite 
n  headed  23  in. ,  will  be  found  2hd^  cu.  ft     Ans. 
1^1  Ttms-.  nmltiplicd  by  50*  gives  1,053  miners*  inches^    Ans. 

-The  diameter  of  the  piins  being  24  inches,  what  laJl 
1  fur  the  pipe:  to  carry  1,000  miners'  inches  ? 

L^TjiW.— lu  Tsibk  II,  in  column  headed  Z4  in,,  find  ttiat  number 
muJUplied  by  50  will  make  1,000  miners'  inches.     In  this  case 

BSMtiici  oaiDber  is  30.42.  opposite  which,  in  the  column  Fall  Per 

Will  b©  fpund  UM  H*  the  fall  reqmred    Atis. 
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TABI^   II 

IXOW  OF   WATER  PER  SEC-OXD  THROUGH  CLKAX 
IRON    PIPES 


Fall 

Fall 
Per  Rod 

Ft.    In. 
.792 

Diameters 

Per  Mile 
Feet 

J  Inch 
Cu  Ft. 

llnch 
Cu.  Ft. 

i-Inch 
Cu.  Ft. 

i|  Inch 
Cu  Ft. 

.|-lnch 
Cu.  Ft. 

s-Inch 
Cu.  Ft. 

21.12 

.02584 

26.40 

9.990 

.02014 

.02924 

31-65 

I.IS5 

.01460 

.02270 

.03274 

36.96 

I  396 

.015S3 

.02426 

.03492 

42.24 

I  5-4 

.00567 

.01707 

.0263S 

.03776 

47-52 

1 .7^2 

.00617 

.01S16 

.0283S 

.040S1 

52.80 

1 . 9  So 

.00316 

.00677 

.01963 

.02988 

.04321 

63.36 

2.376 

0rjJ22 

.00350 

.00781 

.02123 

.03260 

.04S43 

73.92 

2.772 

.OrjI24 

•00377 

.00841 

.02282 

.03556 

.05150 

84. 4S 

3.i()S 

■00135 

.00411 

.O0S86 

.02466 

.03706 

.05456 

95.04 

3.564 

.f»I43 

.W-M45 

.00961 

.02577 

.03923 

.05740 

105.60 

3.9(^K) 

.(Kn^o 

.00466 

.00990 

.02793 

.04224 

.06111 

158.40 

5.940 

.00197 

.00589 

.01245 

.03458 

.05175 

.07399 

2 1 1 . 20 

7.920 

.Orj24I 

.00705 

.01492 

.04132 

.06167 

.0S734 

264.  rxj 

9.(/)0 

.0(j279 

.00798 

.01666 

.04577 

.07145 

. 10950 

316.80 

I  I  . ^>o 

.00315 

.00874 

-01S57 

.05043 

.07830 

.12000 

2(kj  .  (A) 

I 

I  .^(x) 

.00340 

.00951 

.01988 

.05424 

.08381 

.12S80 

422  40 

I 

3.^40 

.  fX)366 

.01012 

02 141 

.05S04 

.0S949 

. 13750 

475 • 20 

I 

5.>2o 

.»x)3^9 

.oio.S() 

.022S3 

.06191 

.09400 

.14420 

^2>.(trj 

I 

7  .^o*) 

.f»'i4io 

.01144 

.02424 

.06724 

.10030 

.15230 

633.  (XJ 

I 

II  .7(;0 

.f>o453 

.(M2S2 

.02676 

.07400 

.11100 

.16340 

73'^  20 

2 

3.  720 

•<^'M73 

.01380 

.028(/.) 

.08020 

.12000 

.17480 

9>.u.<>'y 

2 

7.6^0 

.(KJ524 

.01480 

.03081 

.08622 

.12S50 

.18550 

95o.4rj 

2 

11.640 

■  «'>"559 

-  01 567 

.0-^276 

.09225 

.13720 

. 19550 

1,056.00 

3 

^.dtX) 

.fX)5S9 

.01656 

•0345S 

.09(^)92 

.14500 

.20470 

I.320.rx> 

4 

I  Cof) 

.rK)6(jo 

.01S71 

.o3^97 

.10790 

.16170 

.22760 

l.fi^4.f>^) 

4 

11.400 

.  oo7'^2 

.02064 

.04316 

. I 1870 

.17730 

.24830 

2.II2.0<^ 

6 

7  .  2<'H) 

..K)S55 

.o23<)<-) 

.o4(,s7 

.13800 

.20500 

.28330 

2,640.  f.K) 

>, 

"^  .fi^JO 

.(K^<)(>() 

.o27<»5 

.05(148 

.15500 

3.i6S.fx-> 

9 

1 0  .  ^<K  ) 

.oio/.f 

.  030.  J3 

.06320 

3,696.00 

II 

(^(xHt 

.01  l^t, 

.(\^3oi 

.06943 

4,224.rx) 

13 

2  .  400 

OI24S 

.03572 

4. 752. or) 

M 

10  2' K) 

'"33"" 

.'»37>h  ■ 

S,2><)()f) 

16 

5  fM>r> 

.()i4i() 
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Fall 

FaU 
Per  Rod 

Ft.       In. 

Diameters 

Per  Mile 
Feet 

3-Inch 
Cu.  Ft. 

4-Inch 
Cu.  Ft. 

6-Inch 
Cu.  Ft. 

8-Inch 
Cu.  Ft. 

lo-Inch 
Cu.  Ft. 

ii-Inch 
Cu.  Ft. 

la-Inch 
Cu.  Ft. 

5.280 

.198 

1.265 

6.336 

.238 

.878 

1. 120 

1.402 

7.392 

.277 

.960 

1. 221 

1.489 

8.448 

•317 

.573 

1.047 

1.320 

1.634 

9- 504 

.356 

.611 

I.IIO 

1.394 

1.728 

10.560 

.396 

.298 

.639 

1. 194 

1.490 

1.826 

II. 616 

.436 

.314 

.659 

1.265 

1.580 

1.940 

12.672 

.475 

.330 

.703 

1.325 

1.653 

2.026 

13.728 

.515 

.1235 

.346 

.737 

1.377 

1.722 

2. 117 

14.784 

.554 

.1298 

.359 

.768 

1.423   1.788 

2.207 

15.840 

.594 

.0630 

.1335 

.377 

.808 

1.470 

1.854 

2.297 

18.480 

.684 

.0692 

.1465 

.395       .876 

1.587 

1.996 

2.466 

21. 120 

.792 

.0749 

.1562 

.444       .931 

1.683 

2.136 

2.662 

26.400 

.990 

.0839 

.1771 

.496.'  1.045 

1.865 

2.397 

3.020 

31.680 

1. 188 

.0915 

.1923 

.548    1.575 

2.059 

2.636 

3.310 

36.960 

1.386 

.0992 

.2146 

.589    1.262 

2.222 

2.858 

3.601 

42.240 

1.584 

.1060 

.2339 

.631     1.344 

2.383 

3 .  062 

3  856 

47.520 

1.782 

.  1119 

.2460 

.672     1.424 

2.514 

3.232 

4.072 

52.8<X) 

1.980 

.IKp 

.25S2 

.721     1.496 

2.662 

3  419 

4.305 

63.3^)0 

2.376 

.1313 

.2893 

.784     1.644 

2.932 

3.760 

4.728 

73.920 

2.772 

.1413 

.3036 

.858     1.782 

3.210 

4.016 

5.094 

84  480 

3.168 

.1507 

.3237 

.922     1. 916 

3.450 

4.390 

5.482 

95.040 

3  564 

.1590 

.3412 

.975    2.033    3.679 

4.679 

5.839 

105 .  (kdo 

3.9^X) 

.1717 

.3607 

1.022:2.155    3.856 

5.251 

6.if)0 

158.400 

5.940 

.2081 

.4503 

1 .  263  1  2  .  667    4 .  762 

6.086    7.630 

21. .200 

7.920 

.2469 

•5331 

1.484    3.145    5563 

7.022    8.860 

264.000 

9.900 

.2785 

.5954 

1.665 

3.51316.704 

8.244    9- 967 

316.800 

11.880 

.3049 

.6390 

1.929 

3  847 

369.000 

I       1.860 

.3331 

.6967 

1.976    4.196 

422.400 

I      3840 

.3559 

.7506 

2.144' 

475  200 

I      5 . 820 

.3816 

.7960 

2.274 

528.000 

I      7.800 

.4043 

•9464 

2.399 

633   (too 

I     II. 760 

.4440 

.9270 

739  200 

2      3  720 

.4977 

1.0060 

844  800 

2      7.680 

513I 

i.o8io 

950 . 400 

2    II. 640 

.5436 

1,056.000 

3      3  600 

.5832 

1 .  320  000 

4    .1.500 

.6523 

1,584.000 

4    II  400 
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TABL.E  11— {Continued) 


Fall  Fall 

Per  IMYt     Fer  Rod 


Diameters 


l^eel 


Inches 


I  i4-lnch  i5-Incb|  i6-Inch 

i  ! 

|Cu.Ft.:Cu.Ft.  jCu  Ft. 


2.  II 

.08 

2.64 

1   .10 

3.17 

.12 

3.70 

.14 

4.22 

.16 

4.75 

.18 

5.28 

.20 

5.81 

.22 

<b.34 

.24 

6.86 

.26 

7.39 

.28 

7.92 

.30 

8.45 

.32 

8.98 

.34 

9-5^ 

.30 

10.03 

.38 

10.56 

.40 

II . 62 

.44 

12.67 

.48 

13-73 

•51 

14.78 

•  55 

15. 84 

■59 

18.48 

.69 

21 .12 

•79 

26.40 

•99 

31. 6S 

1. 19 

36  9«> 

1 .  39 

42.24 

I  59 

47-52 

i^73 

52.  So 

1 .  98 

63.30 

2.3S 

73.92 

2.77 

-S4.48 

3-17 

95 -^^4 

3.56 

105.60 

3  •  06 

15S.40 

5-94 

211 .20 

7.92 

1. 71 

1.83 1 
1. 91  j 

2.02  j 

2.  II 

2.ISI 
2.27I 

2.35  ! 
2.44  I 
2.54 
59 
67 

'2 

88 
3  02 
3-15 
3  29 
342 
3.62 

3  ■  99 
4-4^> 
4.91 
5-37 
5-77 
6. II 
6.44 
7.00 
7.Ck> 
S.17 
8.03 

0.2() 
1 1  .  30 
13.22 


05 

19 
,30 

.43! 

•54  1 
.65, 
.75 
.84, 
94' 
98' 
.  II  I 
.21  I 
.29  I 
47 
,63 
79 
95 
,  II 
46 
,78 
37 
,91 

45 
90 

31 
70 

39  I 
I5| 
Si  ' 

47! 

>9  , 

6()  I 

^4 

I 


2.25 
2.43 
2.59 
2.72 

2.88 

3 -02 

3.18 
3.28 
3.39 
3.49 
3.62 

3.(>9 
3.81 

3.92 
4.12 
4 .  32 

4-51 

4.68 

4.87 

5-31 

5-67 

^^•39 

7.02 

7.66 

8.16 

8.64 

() .  I  o 

9-95 

10. S7 

1 1 .  (.3 

12.43 

13.14 

10. T7 

IS.  77 


18  Inch  20-Inch 
Cu  Ft.  Cu.Ft 


3.10  ' 
3.27' 

3-49  1 
3.66  I 
3.88. 
4.06  , 
4.23! 
4.40' 
4.61  i 
4.75i 
4.901 
5.03, 
5.::; 
5  30! 
5.63: 
5 .87  I 
().i8  , 
6.38  I 
6.64 
7  nl 
7.65! 
8.66  I 

9-54 
10.33  I 
1 1  09  ! 
11.71I 
12.37 j 
13.65 
14-75  I 
15.^4 

l(>.0O 

■  I 
17-^5  . 

2 1  86  ; 


3.61 
4.07 

4-35 
4.68 
4.92 
5.15 
5  40 
5.62 
5.82 
6.05 
6.27 
6.48 
6.65 
6.92 
7.05 
7.42 
7  79 
8.14 
8.48 
8.77 
9-49 
10. 16 

11-43 
12.59 
13.66 
14.66 
15  54 
16.47 
17.99 
19.49 
2 1  .  03 
22.45 
23.56 
28.  86 


aa-Inch 
Cu.  Ft. 


4.61 

5.25 
5.62 
6.01 
6.32 
6.62 
6.94 
7.24 
7.51 
7.78 
8.03 
8.36 
8.55 
8.85 
9.07 

9  55 
10.01 
10.48 
10.91 
11.29 
12.25 
13.12 
14.78 
16.20 

17.53 
18.78 

19-93 
21.06 
23.07 
24. 68 
26.97 
29.70 
31.15 


24  Inch  27-Inch 


Cu.  Ft. 


6. 10 

6.64 

7-13 

7.56 

7.95 

8.34 

8.75 

9.14 

9-47 

9.80 

10.13 

10.57 

10.77 

II. 10 

11.43 
12.05 
12.01 
13.23 
I3-7Q 
14.25 
15-50 
16.62 
18.71 
20.42 
22.05 
23.61 
25.07 
26.42 
29.03 
31.49 
33.90 
36.18 

38.45 


Cu. 

FL 

8 

27 

8 

37 

9.09 

9 

48 

10 

.26 

10.74 

II. 4S 
i  11.93 

;  12.54 

I  12.96 

13.49 
13.98 

:  14.41 

,  14.81 

I  15  21 

I  15.63 

16.44 

17.23 

iS.oi 

18.75 

19-50 

21.13 

22.62 

25.34 

27  74 

29 .  96 

31.99 
33.97 
35.  Sq 
39  76 
43.22 

46.57 
48.06 
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TABIiE  II— (Continued) 


Fall 

Fafi 
Per  Rod 

Inches 

Diameters 

Per  Mile 
Feel 

30-Inch 
Cu.  Ft. 

avlnch 
Cu.  Ft. 

36-Jnch 
Cu.  Ft. 

40- Inch 
Cu.  Ft. 

44-Inch 
Cu.  Ft. 

48-Inch 
Cu.  Ft. 

1.06 

■04 

10.29 

13.88 

18.15 

22.98 

1.58 

.06 

7.78 

10.21 

12.70 

17.00 

22.22 

27.89 

2. 1 1 

.08 

8.99 

11.65 

14  56 

19.68 

25.55 

32.93 

2.64 

.10 

10.24 

12.92 

16.35 

22.08 

28.87 

37.00 

3- 17 

.12 

10.97 

13.99 

18.02 

24  43 

31.46 

40.21 

3.70 

.14 

11.90 

15.14 

19.76 

26.27 

34.47 

43-67 

4.22 

.16 

12.84 

16.36 

20.85 

28.14 

37.05 

46.81 

4-75 

.13 

13.48 

17-58 

22.30 

29.80 

39  01 

49.06 

5.2S 

.20    . 

14.21 

18.74 

23.47 

31.46 

41,06 

52.15 

5.81 

.22 

15.05 

19.54 

24.91 

33.25 

42.09 

54.95 

6.34 

.24 

15.81 

20.28 

26.12 

34.68 

44.97 

57.36 

6.86 

.26 

16.47 

21.29 

27.20 

36.21 

46.77 

60.07 

7.39 

.28 

17.18 

22.20 

28.24 

37.57 

48.83 

62.02 

7.92 

.30 

17.94 

23.01 

29.19 

39.18 

50.62 

64.47 

8.45 

.32 

18.58 

23.76 

30.29 

40.54 

52.46 

66.53 

8.9S 

.34 

IQ,2I 

24.47 

31.42 

41.88 

54-04 

68.50 

<).  50 

.36 

l(>.66 

25   22 

32. 4"^ 

43-07 

55-4^ 

70 .  62 

10.03 

•3^ 

20.32 

26.14 

33  40 

44. 28 

«;7.oi 

72.75 

10.56 

.40 

20.79 

26 .  94 

34-49 

45.20 

58.  S5 

74  44 

11.62 

•44 

21.80 

28. 27 

36.15 

48. 12 

61 .71 

7S.29 

12.67 

.48 

22.83 

29.02 

37.74 

50.48 

64.35 

81.68 

13  73 

.51 

23.93 

31.06 

39-40 

52.67 

66.87 

85.20 

14.78 

•55 

24.86 

32.28 

40. 86 

55.04 

69  57 

88.46 

i5>4 

•59 

25.87 

33.62 

42.28 

56.33 

72.32 

91.73 

1S.45 

.e>9 

27.96 

36.17 

45.95 

61.09 

77.95 

100.40 

21.12 

•79 

29.84 

3^-57 

48.83 

65-41 

83. 6<^ 

105 . 89 

26.40 

•99 

33-55 

43  •12 

54.89 

7309 

93.37 

119  34 

31.6S 

I    ly 

36.79 

47.40 

59.95 

80.32 

/03.28 

130.88 

36.96 

1.39 

39.66 

51.35 

65.17 

86.70 

ill. 74 

148.09 

42.24 

1-59 

1  42.39 

54.91 

69.80 

92.58 

119.93 

153.94 

47.52 

178 

45.23 

58.20 

74.33 

98 .  00 

128.26 

52.  So 

1       1-98 

47.71 

1   61.62 

78.46 

103.99 

♦>3-36 

'       2.38 

52.91 

68.00 

82.84 

7392 

2.77 

57.65 

73-95 
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TABIiE  \l— {Continued) 


all 
Rod 

:hes 

Diameters 

Fall               F 
Per  Mile       Per 

Feet            In< 

54-Inch 
Cu.  Ft. 

.      fo-Inch 
1      Cu.  Ft, 

7:-lnch     1 
Cu.  Ft- 

S4-Inch 
Cu.  Ft. 

Q6-Inch 
Cu.  Ft. 

•53 

02 

21.96 

29.77 

46.99 

75.43 

107.77 

I. (A) 

04 

31.70 

58. 19 

57.65 

104.61 

152.4s 

1.58 

06 

3S-53 

52.09 

82.53 

126.18 

1S8.45 

2.  II 

oS 

45.12 

59  04 

95.99    . 

145.43 

218.75 

2.f4 

10 

50.23 

67.56 

109.42 

162.75 

245.30 

3.17 

12 

55.51 

74.32 

121.58 

177.03 

267.41 

3.70 

14 

60.21 

1       So. 51 

132.04 

192.04 

290.53 

4.22 

16 

63.61 

i       S6.30 

139.96 

207.81 

310.89 

4-75 

iS 

67.20 

1       91.99 

148.72 

222.44 

324.20 

5.23 

20 

72.37 

;     96. 9S 

157.77 

235  13 

350.45 

5.?i 

22 

75   71 

102.39 

165.97 

25334 

366. 19 

6.34 

24 

79  13 

1    107.31 

17304 

264.77 

3S2.02 

6.86 

26 

>2.54 

115.53 

179  26 

275.16 

397.85 

7-39 

OH 

85.90 

116.53 

187.46 

2S7.67 

414.70 

7.92 

30 

89.52 

119.68 

193.93 

296.37 

427.76 

8.45 

32 

92.43 

1    123.70 

200.18 

307.87 

443.09 

8. 98 

34 

95  35 

127.63 

2O().40 

316.15 

457.42 

9  50 

36 

97-  65 

'    131.26 

212.05 

326.73 

470.49 

10.03 

3-"^ 

i<x>.  19 

134-79 

217.71 

335.79 

4S1.53 

10.  ?6 

40 

103.82 

13S.84 

225.21 

34S.25 

496.37 

II . 62 

44 

:    10S.7S 

'      145.98 

235.52 

364.92 

522.76 

12.67 

4"^ 

113  47 

152.56 

246.41 

389.09 

547. 88 

13-73 

51 

11S.4S 

15S.65 

256.17 

394-43 

510.01 

14. 7> 

55 

123. 10 

164.54 

267.19 

408.36 

592.13 

15. S4 

59 

\2^.U) 

170.43 

277.SS 

423.36 

612.00 

IV4^ 

(M) 

^       13-^    «)2 

;    183.9S 

2i)i).  72 

482.99 

21  .  12 

7') 

1       147    91 

197  52 

320. 74 

26 .  40 

99 

n)5.>o 

221.95 

35S.52 

31.63     I       I 

19 

';        I  >2  .  42 

',   244-26 

36.96            I 

39 

I()0.()I 

1 

;..._   1 

1 

/■\ri\  : 1 

..C      ,4. v..     « 

C^.   . 1 

..  «  I,. .,4 

..1:-^   :-^- 

E.\ AMPLE  3. — In  carrying;  1,050  inches  of  water  to  a  hydraulic  mine 
in  a  pipe  27  inches  diameter,  having  a  fall  of  95.04  feet  to  the  mile, 
what  will  be  the  effective  head  at  the  mine  ? 

Solution.  -In  Table  II,  in  column  headed  27  in.,  find  that  number 
which  multiplied  by  50  will  make  1,050  appro-ximate  miners'  inches. 
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In  this  case  we  have  21.13  cu.  ft.,  opposite  which,  in  the  column 
Fall  Per  Mile,  we  find  18.48  ft.,  which  is  the  head  per  mile  lost 
in  carrying  the  water.  Subtracting  this  from  the  given  fall,  or  head, 
gives  the  effective  head.  Thus,  95.04—18.48  =  76.56  ft.  effective 
head.     Ans. 

Example  4. — There  being  7.5  gallons  in  a  cubic  foot,  and  86.400  sec- 
onds in  a  day  (24  hours),  the  fall  7.39  feet  per  mile,  how  many  gallons 
will  a  pipe  40  inches  diameter  carry  per  day  ? 

Solution. — In  Table  II,  in  column  headed  40  in.,  and  opposite 
7.89  ft.,  in  column  Fall  Per  Mile,  will  be  found  37.57  cu.  ft.  flow  per 
sec.     Then,  37.57  X  7.5  x  86,400  =  24.345,360  gal.     Ans. 

As  a  general  rule  the  velocity  per  second  is  equal  to 
50  times  the  square  root  of  the  product  of  the  head  and 
diameter  in  feet,  divided  by  the  sum  of  the  length  and 
50  times  the  diameter  of  the  pipe  in  feet.  This  rule  applies 
to  both  long  and  short  pipes,  and  is  approximately  accurate 
if  the  diameter  does  not  exceed  2  feet. 

24.  Keslstanee  of  liends  to  Flow  of  Water. — Tables 
III  and  IV  show  the  resistance  to  the  flow  of  water  that  is 
offered  by  both  circular  and  angular  bends.  Their  use  is 
illustrated  by  the  following  examples: 

Example  I. — The  radius  of  the  pipe  being  to  the  radius  of  the  bend 
in  the  ratio  of  1  :  5,  the  number  of  degrees  in  the  bend  being  90.  and 
the  velocity  75  feet  per  second,  what  is  the  additional  head  required 
to  overcome  the  resistance  of  the  bend  ? 

Solution.— In  Table  111,  in  the  column  Velocity  Per  Second, 
find  75  ft.,  opposite  which,  in  column  headed  1  :  5,  90',  is  found  6.03  ft., 
the  retjuired  head.     Ans. 

ExAMiM.K  2. — The  radius  of  the  pipe  being  to  the  radius  of  the  bend 
in  the  ratio  of  3  :  5.  the  number  of  degrees  in  the  bend  being  120,  and 
the  velocity  per  second  100  feet,  what  is  the  additional  head  required 
to  overcome  the  resistance  of  one  bend  ? 

Solution.— In  Table  III,  opposite  100  ft.  velocity,  will  be  found,  in 
column  headed  2  :  5,  120  ,  the  required  number,  viz.,  21.34  ft.     Ans. 

ExAMi'LK  3. — The  velocity  being  40  feet  per  second,  what  additional 
head  is  required  to  overcome  the  resistance  of  an  angular  bend  whose 
angle  of  deflection  is  90    ? 

Solution.  —  In  Table  IV  find  in  the  column  Velocity  Per  Second,  40, 
oppc^site  which,  in  column  headed  90  head,  will  be  found  24.45  ft.,  the 
additional  head  required.     Ans. 
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TABLE    IV 

ABDITIOKAL,  HEAI>   REQUIIIED  TO  OVEBCOMB  XETE 
UESI8TANCE  OF  ONE  ANGUIMJR  BEND 


•a 

Angles  of 

Deflection 

15' 
Head 

rfcad 

Head 

Head 

Head 

1          iao» 
Head 

sl 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

I 

.0002 

.0005 

.002 

.006 

.015 

.029 

2 

.0010 

.0019 

.009 

.023 

061 

.116 

3 

.0022 

.0042 

.019 

.051 

138 

.260 

4 

.004 

.CX)8 

.035 

.090 

245 

.462 

5 

.006 

.012 

.054 

.141 

382 

.723 

6 

.009 

.017 

.078 

.204 

550 

1.04 

7 

.012 

.023 

.106 

.277 

749 

1.42 

8 

.016 

.030 

.138 

.362 

978 

1.85 

lo 

.025 

.047 

.216 

.565 

I 

53 

2.89 

IS 

.056 

.105 

.486 

i.'27 

3 

44 

6.50 

20 

.099 

.186 

.863 

2.26 

4 

85 

11.56 

25 

.155 

.291 

1.35 

4.45 

9 

55 

1S.06 

30 

.224 

.419 

1.94 

5.09 

13 

75 

26.01 

40 

•39S 

.745 

3.45 

9.04 

24 

45 

46.23 

50 

.021 

1. 17 

5.40 

14.13 

38 

20 

73.93 

75 

1.40 

2.62 

12.14 

31-79 

85 

95 

162.5 

100 

2.48 

4.66 

21.58 

56.52 

152 

8 

289.0 

150 

5-59 

10.48 

48.57 

127.2 

343 

7 

650.2 

20rj 

994 

18.63 

86.32 

226.1 

6ti 

I 

1,156. 

3a) 

1 

22.36 

41.92 

194.20 

508.7 

1,092 

2,601. 

25o  I..0S.S  of  Head  by  Friction. — Table  V  shows  the 
loss  of  head  by  friction  in  each  100  feet  in  length  of  different 
diameters  of  pipe  when  discharging  the  given  quantities 
of  water  per  minute. 

26.     Caleiilatlnsr   tlie    Horsepower    of   Water. — The 

horsepower  given  in  Tables  VI  and  VII  equals  85  per  cent, 
of  the  theoretical  horsepower.  Table  VI  gives  the  horse- 
power of  1  miners*  inch  of  water  under  heads  from  1  to 
1,100  feet.  This  inch  equals  IJ^  cubic  feet  per  minute. 
Table  VII  gives  the  horsepower  of  1  cubic  foot  of  water  per 
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Cubic 
Feet 
Per 

Minute 

woo  -TOO  en  o^xn  ^  i^enOO  woo  ^0 
w  N  coc«^cncorfrrTf^»n»n»n>SvOOO 

It 

.-1  Tto  CO  .-1  rrt^o  e«^  r*  •-•  Tt-co  m  i^  m  so 
M  i-i  Mi  M  CI  N  N  enmtorr'<t^»n»nsOO 

oo 

M 

Cubic 
Feet 
Per 

Minute 

«  en-t»i^r^co   O^Q  «  cnrt»nOco  Ono   m 
.-1  en  u^  r^  c>  •-•  c*^0  co  O  m   ^O  oo  O   e*^  u- 

Ix>ss  of 

Head 

in  Feet 

dO  w  o  O  <^  u^a^r^ovo  o^mcoo  »oo 
enmoo  t-i  -rr^O  tot^M  »nc^•too  mco  c 
M  H-  H^  w  N  M  cnmen-f'1"'<t»n»no.O  i^ 

M 
CO 

Cubic 
Feet 
Per 

Minute 

r-'tMoo   TMco   -TMoou-kWQO  mw   o^»r 
OaoO'-<<*^»nOcDO'-'CO»nOaoO'-'f*" 
Mi-ieiMWNNCicnencncncoenTtTt 

Loss  of 

Head 

in  Feet 

r^inino   OO   cnco»nco  coi-i  •-•  n  m  o  co 
•tr^O  cnr^O  i-oo  mo  mo  «0  "-i  r^c< 
•->   1-1   w   W   N   cnt«^m-TT»ninOO   l->t^QO 

Cubic 

Feet 

Per 

Minute 

r-.ciO»-"0   <-lw-)0«i^0"^5*"^C^  cnco   cr 
-to  r^OO  c«   tn«r>Oao    o^O  w   e<>ir>Occ 
MMi-iMcic<c<cic<c4C«cnmcocnrocr 

u^    2 

CO  r^co  Nco  »r>Oco  ci   c^oo  oo  •-•  t^  en  n  cr 
U-JOO    ^    irjcci    WO    0    »nC^•TC^^i^OO    CI  CO 
i-ii-icieiNcncn^Tt--fin  u^o  r^  r-oo  co 

oo  M  -tr^C>ei  »/^'0  1-1  cno  Onw  mco  ^  cr 
w  -fw^o  t^oc  I-"  m-fii^Ooo   o^o  CI  cr 
«H-i-.MMH.cinwcicieiNCicr>cnc«" 

g^Q   -tOcc    OdfO   u->»r)  r-Mco   r^co   i-i   r-^ 
O   0  en  r^  0  -t  w^  enco  cnoc  -t  C^  "^  •-"  cc  -t 
M  w  CI  CI  cncn«n-t-t»r>  mo  O  t^oo  oo   c 

0  *-  cn-fOO  r-co   CNO  -  ci  cn-i-mo  t^ 
—  CI  en -t  >r)0  t-^o)   c^ »-«  CI  en -T  »no  r*QO 

»-i.^»^»^,^Mi-iMW^C4CICICICIMCICI 

Loss  of 

Head 

in  Feet 

enOd    OclinMi-.ciOClM.-imi-i    c^O 
CO  •-  inc^eni^ci  r>.ci  r^enc^u^Mro  rt-ci 
•-•  CI  CI  CI  enr^i"<t^»/i»i^OO  t^coco   o^O 

-' 

Velocity 
in  Feet 

Per 
Second 

OCI-rtO:/JOCI-TOcOOCI-tOcOOC< 
CI  CI  CI  ci  CI  enenencnen-t-f-^-T-tu^m 
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Cubic 
Feet 
Per 

Minute 

MMMMM  MMMMMMM'tfeicfcfereiNci 

111 

o  OO  M  ^o^tnct  otoo  r>>oo  o^m  ^go  m  oq  ^  m  o  O^O 

§, 

Cubic 

Feet 

Per 

Minute 

»nO  F.t^ooco  O^5o  "^  "^  w  W  c*»«*^tn»noF.r*o 

M     m"    M     M     M     M     M     m'    M     M*    M*    M    M*    M*    W 

r*C^O  «  -tooo  o  «  tr^o^w  »noo  m  '•i*  t^  O  •♦  t^O 

Cubic 
Feet 
Per 

Minute 

i-i^^MOMr^e«r^c«r^e«r^e«a5  c^co  «*^oo  «nco  r»  c* 
m  mo  O  t^  t^oo  ooONONOO«-»-'CiCi«o«n^-r»r>t^ 

LoM  of 

Head 

in  Feet 

t  5»0  ^  «n  t  moo  M  r^tnocooo  O^O  c<^r^Nao  mi^ 
CO   5m-4  cnmr^ONM   rfO   O^W   •♦t^O   ^t^O  -^C^m   m 
00*-4*-4MMMe«e«c4e4(nr^(nTf«r«tmtn  mo  oo 

Cubic 
Feet 
Per 

Minute. 

C4  O  M  m  o^  c^oo  «0  O  mONenr»«NO  O  "♦O^tnt^co 
too  «nt>.«-iO  0  mo^fco  M  t>.MOO  *n  Ch  c^oo  ei  t 
4  ^  m  mo  O  r*  r^  t^co  oo  <>  O^  O  q  •-«  m  m  w  «  «n  m 

1-1 
2  bX 

MCOO  *ri  iTkcc   M   »nMQO  \n  xn  m  t^  O   tOO  r^W  M    C* 
O*  O  c*  to  oo  ►-  t'^O  oo  i-i  -rr^O  tr>.i-i  too  n  o  r^ 

' 

Cubic 

Feet 

Per 

Minute 

t>.«  miSwO  O   t»^'-'  mo^wo  Q  -too   <-i  mpvenin 
eottt»'>»'^^00  i'-»^r*aOQO   C^O^O^O  O  0  «  e^ 

cooor^OtOmoeiwtr^*-Otn««-««Tt-r^cn 
o\ »-  c*^  moo  O  c*  »nco  t^   tr^O  t^^*^  mc>c*%t>»M  »r> 
5»^».4MMC«C4C«e4c<^cn(n-tt«tmm  mO  O  t^  O^ 

^*^a 

Cubic 
Feet 
Per 

Minute 

O  GO  0  N  en  »n  r^oo  O  •-•  «*^  »J^  r^-oo  O  «  tn  m  t^oo  O   Q^ 
M  -too  •-  tt^O  tnr^Q  coo  o»eiO  o^m  mco  ►-  mO 
tnmtntttmmmoooo  r^r^t>.oOQOoo  o^o^m 

1-1 

oo  r*  O'  H*  m  w  ovco  oo  O  «*^co  tei'-"«H«momMO 
O  w  tr^O^w  tr^O  -rr^O  too  «  O  Q  t  <>  enco  t 
Si-;^««^WWCic^c^e^4t  t  mmOOO  ^7*70 

Velocity 
in  Feet 

Per 
Second 

0  M  to  00  0  w  to  00  0  N  to  00  0  N  to  CO  q  0 
ci  ei  ci  ei  ei  tnc^cncocntttttmmmmmo  r^ 

l.'>5— 8 
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TABIiE  VI 
MINERS'-IXCH   TABLE 


Head 
in  Feet 


Horsepower 


I 
»o 

30 
40 

SO 
60 
70 
So 
90 
100 
1  to 

120 
130 
140 
150 
160 
170 

1  So 
190 

2QO 

2  10 
220 
230 
240 
250 
260 
270 

sSes 
290 

300 
310 


.0024147 

.0487294 

,072441 

,096588 

*  120735 

.144882 

. 169029 

.193176 

.217323 

.241470 

,265617 

.2H9764 

.362205 

.410499 
,434646 

.482940 
.507087 

555381 
■57952S 
.603675 
.627822 
.651969 
.676116 
.700263 
,724410 
^74«SS7 


Ucua 

in  Feet 

Horsepower 

t 
320 

.772704 

330 

.796851 

340 

, S2099S 

3$o 

■S45145 

360 

.869292 

370 

■S93439 

380 

.917586 

390 

■941733 

400 

.965880 

410 

.990027 

420 

T. 014174 

430 

1.038321 

440 

1.062468 

45^ 

i,oS66i5 

460 

1 . 1 10761 

470 

1 , 134909 

480 

I . 159056 

490 

1 . 183206 

500 

1.207350 

520 

i-^ssM 

540 

I   303938 

560 

1.352232 

580 

1 .400526 

600 

I .44S820 

650 

I  569555 

700 

I .690290 

750 

[.811025 

800 

1.931760 

900 

2.173230 

1,000 

1  414700 

1,100 

1.656170 
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TABIiE  VII 
CUBIC-FOOT  TABLE 


r^  Feet      " 

orsepower 

Head 
in  Feet 

Horsepower 

I 

.0016098 

320 

•515136 

20 

.032196 

330 

•531234 

30 

.048294 

340 

•547332 

40 

.064392 

350 

.563430 

50 

080490 

360 

.579528 

60 

096588 

370 

.595626 

70 

1 12686 

380 

.611724 

80 

128784 

390 

.627822 

90 

144892 

400 

.643920 

100 

160980 

410 

.660018 

no 

177078 

420 

.676116 

120 

193176 

430 

.692214 

»3o 

209274 

44Q 

.708312 

140 

225372 

450 

.724410 

'50 

241470 

460 

.740508 

160 

257568 

470 

.756606 

170 

273666 

480 

.772704 

180 

289764 

490 

.788802 

190 

305862 

500 

.804900 

200 

321960 

520 

.837096 

210 

338058 

540 

.869292 

220 

354156 

560 

.901488 

230 

370254 

580 

.933684 

240 

386352 

600 

.965880 

250 

402450 

650 

1.046370 

260 

418548 

700 

I . 126860 

270 

434646 

750 

1.207350 

280 

450744 

800 

I .287840 

290 

466842 

900 

1.448820 

300 

482940 

1,000 

I .609800 

310 

.499038 

1,100 

I .770780 
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minute  under  heads  of  from  1  to  1,100  feet.  The  following 
example  illustrates  the  use  of  Table  VI  when  the  exact 
number  of  feet  head  is  given. 

When  the  exact  head  is  not  found  in  Table  VI,  take  the 
horsepower  of  1  inch  under  1  foot  head  and  multiply  by 
the  number  of  inches,  and  then  by  the  number  of  feet  head. 
The  product  will  be  the  required  horsepower. 

This  rule  may  be  used  for  the  cubic  feet  in  Table  VII, 
by  substituting  tlie  equivalents  therein  for  those  of  miners* 
inches. 

ExAMi»LK.— Having  100  feet  head  and  50  miners'  inches  of  water, 
what  is  the  horsepower  ? 

Solution.— Under  Head  in  Feet  find  KX),  and  opposite  in  the  second 
column  .241470  wiU  be  seen.  Multiply  this  by  50,  then  .24147  XM 
=  12.07  H.  P.     Ans. 


DTSPOsniox  OF  pi^ACER  i>:ebris 

JJ7.  l*laeer  TallliiK^* — In  large  placer  mines  the  dispo« 
sition  of  the  debris  has  always  been  a  serious  question.  In 
many  cases  it  is  washed  into  some  rapidly  flowing  river,  bnt 
sooner  <>r  later  it  is  liable  to  work  down  the  stream  and 
block  the  course  of  the  river,  causing  much  damage  to  agri- 
cultural land  or  serious  floods.  On  this  account,  a  perma- 
nent injunc'tion  has  been  j;ranted  against  certain  classes  of 
placer  niininjjf  in  California.  To  overcome  the  difficulties 
complained  of  and  to  disi)osc  of  debris  several  devices  have 
been  adopted. 

Dams  of  brush  or  logs  are  sometimes  constructed  in 
caiions  and  the  debris  allowed  to  accumulate  behind  them. 
As  the  level  of  the  debris  readies  that  of  the  top  of  the 
dam,  the  height  of  the  dam  is  increased.  By  carefully  con- 
structing the  dams  and  by  keei)ing  them  to  a  height  suffi- 
cient to  hold  back  the  debris,  the  latter  may  be  retained  in 
the  p:orge:  but  in  some  eases  the  level  of  the  debris  would 
soon  reach  that  of  the  j^round  from  which  it  was  excavated, 
and  hence  work  would  be  broui^ht  to  a  standstill.  To  avoid 
this   an  elevator   for  raising  the  debris  was  adopted.      In 
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some    cases  the    del^ris    has    been    elevated    mechaDkally 

ttaf  means  of  bucket  elevators,  but  as  this  system  is  expen- 

linre  it  is  nuw  rarely  adopted,  hydraulic  elevators    having 

replaced  them. 

KSiinietimes  dams  ur  obstructions   made  of  stone,  timber, 

Pl  brush  are  placed  across  the  beds  of  streams  to  hold  back 

the  waste  from  mines  and  to  prevent  damage  in  the  valleys 

below,     Thr  difference  biitw^een  a  debris  dam  and  a  water 

dam  IS  that  no  attempt  is  made  to  render  the  debris  dam 

■^ter-tighl,  the  only  object  being  that  it  will  retard  the 

1 

i|^^^^^^^^^^^^^Hfe^B[^B|pM^^£^' 

^m 

m 

HP        --^ 

H                                                          Pig.  n 

H^w  oC  the   Stream    and   give  it  a  greater  breadth  of  dis- 
Biarge,  so  that  the  stream   will  naturally  have  to  deposit 
^fte  sediment  that  it  is  carrying.     The  sediment  silts^  or  fills 
K            '^^^   the  upper    face  of  the    dam^  so  that  the  area 
Ul    ,^   Aic  dam  soon  becomes  a  flat  expanse  over  which  the 
Buter  Amh  \is  way  to  the  dam.     When  these  dams  are  con- 
Kruclcd  of  stone,  the  individual  stones  in  the  lower  face 
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and  crest  of  the  dam  should  be  so  large  that  the  current 
will  be  unable  to  displace  them,  while  the  upper  face  and 
core  of  the  dam  may  be  composed  of  finer  material.  In 
case  a  break  should  occur  in  a  debris  dam,  it  will  not  neces- 
sarily endanger  the  region  farther  down  the  stream,  as  is 
the  case  where  a  break  occurs  in  a  water  dam.  The  reason 
for  this  is  that  the  debris  dam  is  not  made  water-tight,  and 
hence  there  is  never  much  pressure  against  it.  In  case  a 
breach  should  occur,  the  only  result  would  be  that  more  or 
less  of  the  gravel  held  behind  the  dam  would  be  washed 
through  the  breach  and  down  the  stream.  Fig.  11  shows 
the  debris-restraining  dam  below  the  Red  Dog  Hydraulic 
Mine,  Nevada  County,  California.  The  method  of  con- 
structing the  log  cribs  for  such  dams  is  shown. 

28.     The  liUdlum  Hydraulic  Elevator. — One   of   the 

first  hydraulic  elevators  that  was  constructed  to  raise  tail- 
ings is  illustrated  in  Fig.  1"^;  the  principle  is  that  of  the 
ejector.  A  stream  of  water  under  considerable  pressure  is 
discharged  through  a  nozzle,  as  shown  in  the  illustration, 


Fig.  12 


and  gravel  mixed  with  water  is  fed  to  the  opening  around 
the  nozzle.  The  force  of  the  stream  from  the  nozzle  carries 
the  entire  mass  up  the  discharj2:e  pipe  to  a  considerable 
height.  Similar  elevators  are  also  constructed  for  removing 
water  from  river  beds  or  other  places  that  have  a  tendency 
to  become  flooded. 
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W,    Kvanf^   Elevator. — Fig,    13    illustrates   the  Bvans 

l^h*vuror,  which  works  im  the  same  principle  as  the  ejector* 

TTht  vmitt  under  j)rt*ssiire  enters 

llltroiigh   a    aiid    is   disch argued 

Jifcjyjrli  ;|    no3£Kle  ii.     The  sue* 

im  for  the  gravel  is  through  a 

Jargt   opening   in    front.      The 

faj*ir!  flow  of  the  water  draws 

l^«  material    in    and    ejects  it 

Ihruuglj  the  contracted  portion  e 

piid  on  through   the   discharge 

"pc*     One   advantage  claimed 

f'^^  this  elevator   Is   the    intro- 

liJttion  of    the    two    auxiliary 

f^^iom  *  and    r.      Thesie    are 

Ph^ti  at  the  sides  of  the  main 

l*ucUcm  and   may  be  employed 

y^  liraimng  the   pit   of   water, 

I'f^'^  dni wring  in  hne  material,  or 

Ifvcn  for  draining  places  in  bed 

i^fc  at    some    distance    from 

^e  elevator*      One    advantage 

tlie   liJie   of    these   au^ciliary 

Uctions  is  that  the  space  back 

the  nozzle  is  thus  provided  with  a  flow  of  water,  and  the 

Gilders  and  other  material  drawn  in  through  the  main  sue- 

(n  prevented  from  rushing  around  into  this  space  with  a 

It  force,  which  they  would  otherwise  have  a  tendency  to 

These  elevators  are  built  with  a  capacity  to  handle 

|D<»  IH  inches  in  diameter  and  lift  material  15  feet  high 

every  100  feet  head  of  water. 


Fig    m 


Al^KllAAUY   APPARATITS 

>TTnii,r  i!urrit*k^  are  used  in    hydraulic   mining  lo 

^ovc  htraiy   rMiuldcrs.     The   mast  is  frequently   100  feet 

and  the  l>oom  over  f^O  feet  long*     The  mast  is  held  in 

ilitin  by  guy  wires  and  is  provided  with  the  proper  tackle 
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both  for  raising  and  lowering  the  boom  and  for  raising 
weights  attached  to  the  boom.  Such  derricks  are  usually 
operated  by  means  of  waterwheels  of  the  impulse  pattern, 


PlO.  M 


shown  in  Fig.  14.  The  wheels  are  sometimes  10  feet  in 
diameter  and  are- connected  to  the  drums  that  operate  the 
ropes  by  means  of  gearing. 


31.  Waterwheels. — The  **  hurdy-gurdy "  or  impact 
wheel  is  moved  by  a  jet  of  water  issuing  from  a  nozzle  under 
pressure;  the  water  strikes  against  buckets  on  the  circum- 
ference of  the  wheel.  One  form,  known  as  the  Pelton  water- 
wheel,  is  shown  in  Fig.  14.  Undershot  waterwheels  are  also 
employed  to  operate  the  Chinese  pumps  or  bucket  elevators 
in  connection  with  wing  dams  in  bar  mining. 

32.  liightln^. — Where  mines  are  worked  night  and  day 

some  form  of  artificial  light  must  be  employed  for  the  night 
work.  The  lights  may  be  locomotive  headlights,  Wells' 
lights,  or  bonfires,  but  mo»t  of  the  large  mines  now  use 
electric  arc  lights. 
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cleani:ng  irp 

33.     Tht:  length  of  the  run  depends  on  the   wear  of  the 

ivement  and  riffles,  and  on  the  value  of  the  material  being 

^ut  ihrutigh  the  sluices.     Some  claims  are  cleaned  up  every 

days,  others  every  2  or  3  months,  and  a  few  only  once  a 

Erascm.     AH  pavements  should  be  cleaned  as  soon  as  they 

irgin  to  wear  in  grooves.     Where  large  quantities  of  gravel 

re  washed,  it  inadvisable  to  clean  the  first  1,000  or  2,000  feet 

sluice   about   every    *i   weeks,  the  tailing   sluices  being 

llcaned  only  once  a  year.     Undercurrents  should  be  cleaned 

ip  whenever  quicksilver  is  found  spread  over  the  lower  riffles 

rith  a  tendency  to  discharge  over  the  end  of  the  sluice. 

^hc  jjold-saving  tables  are  cleaned  up  every  few  days,  with- 

fiil  stopping  the  work  in  the  main  sluice,  by  simply  shutting 

the  ivater  from  one  table  while  it  is  being  cleaned  up, 

itnl  repeating  the  operation  with  all  the  others.     When  it  is 

pecidcd  to  make  a  general  clean  up,  the  bed  rock  and  ground 

luice^  arc  washed  clean,  clear  water  alone  being  turned  into 

le  sluices  untd  they  are  free  from  dirt.     A  small  quantity 

it    wati»r    in    which  a  man  can  conveniently  work  is  then 

llluwcd  to  flow  through  the  sluice,  the  pavement  blocks  are 

^ned  out  with  crowbars,  washed  clean  from  amalgam,  and 

id  aiongMde  the  sluice.     This  is  done  in  sections  of  100  feet 

SK>«     One  row  of  blocks  is  left  in  the  sluice  between  each 

tctton.     These  rows  serve  as  riffles  to  prevent  the  gold  and 

^tiicktillver  from  passhig  down  the  sluice.     After  the  first 

ction  of  blocks  is  taken  up,  the  men  follow  the  gravel  and 

|irt  remaining  in  the  sluice  as  it  is  slowly  washed  down  and 

nek   nut    the  quicksilver  cind  amalgam    with    iron    spoons. 

U  each  riffle  is  reached  the  amalgam  and  quicksilver  are 

[•llrctcd  and   placed  in  sheet-iron  buckets^  after  which  the 

bUxrks  left  for  nfiles  are  removed  and  the  residue  washed 

Iowa  lo  the  next  riffle.      This  is  continued  the  entire  length 

^f  the  sluice.     When  this  operation  is  finished  the  water  is 

irned    off  entirely  and  workmen  go  over   the  sluice  with 

[lall  Sliver  spoons,  digging  the  amalgam  out  qf  nail  holes 

ad  crackjf^     After  this  the  side  lagging  Is  overhauled  and 
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the  pavement  blocks  are  replaced.  Very  long  sluices  are 
usually  lined  in  the  lower  portion  with  heavy  rock  riflfles, 
which  can  be  used  for  a  longer  period  without  cleaning  up 
than  the  smaller  riffles  used  farther  up.  In  some  cases  it  is 
customary,  where  mines  are  run  night  and  day,  to  replace 
the  lining,  and  resume  washing  at  night,  proceeding  thus 
until  the  entire  sluice  is  cleaned  up. 


AMJlLGAMATION 

34.  SaTing:  Fine  Gold. — Although  heavy  gold  may  be 
arrested  by  the  various  contrivances  described,  such  as 
riffles  and  undercurrents,  much  fine  gold  might  escape  in 
the  absence  of  mercury  or  quicksilver.  Mercury  will 
instantly  seize  and  amalgamate  any  fine  gold  coming  in 
contact  with  it.  When  using  zigzag  riffles,  a  vessel  con- 
taining quicksilver  and  pierced  by  a  small  hole  that  allows 
the  metal  to  escape  drop  by  drop,  is  sometimes  placed  at  the 
head  of  the  sluice.  The  quicksilver  moving  from  rifHe  to 
riffle  overtakes,  absorbs,  and  retains  the  fine  gold,  the  amal- 
gam thus  formed  being  caught  in  the  regular  riffles  farther 
down.  Where  the  sluices  are  provided  with  longitudinal 
riffles  after  starting  the  washing,  mercury  is  poured  into 
the  head  of  the  sluice  and  finds  its  way  down  with  the  cur- 
rent, though  the  larger  proportion  of  it  will  remain  in  the 
upper  boxes.  Small  quantities  of  quicksilver  are  sometimes 
introduced  at  intervals  along  the  sluice,  the  quantity  being 
increased  in  direct  proportion  to  the  amount  of  fine  gold 
present. 

When  wooden-block  riffles  are  employed,  an  attempt  is 
sometimes  made  to  impregnate  the  pores  of  the  wood  with 
mercury.  This  is  accom|)lished  by  grinding  the  end  of  a 
piece  of  gas  pipe  to  a  thin  edge  and  driving  it  into  the 
wood.  The  gas  pipe  is  then  filled  with  mercury,  and  the  pres- 
sure of  the  column  will  forci*  a  certain  amount  of  the  fluid 
into  the  pores  of  the  wH)od.  As  tlie  wood  gradually  wears 
away,  this  mercury  becomes  exposed  and  amalgamates  any 
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gold  that  may  come  in  contact  with  it.  When  cleaning  up 
the  sluice,  the  amalgam  remaining  on  the  surface  of  the 
wood  is  simply  scraped  off. 

36.  Copper -Plate  Amalgramation. —  Where  gold  is 
very  fine,  amalgamated  copper  plates  are  sometimes 
employed.  These  are  usually  at  least  3  feet  wide  by  6  feet 
long,  while  sometimes  the  stream  is  split  and  carried  over 
two  or  three  such  plates,  so  as  to  reduce  its  speed  as  much 
as  possible.  The  plates  are  placed  nearly  level  and  at  a 
considerable  distance  from  the  head  of  the  sluice,  as  it  is 
intended  to  catch  only  the  fine  gold ;  for  this  reason  also  a 
screen  is  placed  above  the  plates  in  such  a  manner  as  to 
remove  all  the  coarse  material  and  allow  only  the  fine  mate- 
rial to  pass  over  them.  The  screens  employed  for  this  pur- 
pose are  frequently  perforated  with  holes  J  inch  by  ^  inch, 
similar  to  the  slotted*  screens  used  in  the  stamp  batteries  of 
gold  and  silver  mills.  The  copper  plate  is  amalgamated  by 
first  cleaning  its  upper  surface  with  dilute  nitric  acid,  and 
then  applying  some  mercury  that  has  been  treated  with 
dilute  nitric  acid  to  form  a  little  nitrate  of  mercury.  The 
current  must  be  slow  and  shallow,  so  that  every  particle  of 
gold  may  come  in  contact  with  the  surface  of  the  plate.  A 
freshly  amalgamated  plate  may  become  coated  with  a  green 
slime  of  subsalts  of  copper.  This  must  be  carefully  scraped 
off  and  the  plate  carefully  rubbed  with  fresh  mercury.  To 
remove  the  amalgam  from  the  plates,  a  whisk  broom,  the 
bristles  of  which  have  been  cut  short,  is  used,  or  the  plates 
may  be  cleaned  with  a  knife  or  a  rubber  scraper  made  like  a 
hoe.  If  it  is  desired  to  remove  practically  all  the  amalgam, 
this  may  be  done  by  gently  heating  the  plate  and  then 
scraping;  but  it  is  usually  undesirable  to  do  this,  for  the 
plates  always  catch  gold  better  when  there  is  a  little  amal- 
gam remaining  on  them,  and  warming  the  plate  makes 
them  more  difficult  to  recoat.  The  copper  plates  should 
not  be  less  than  -^  inch  thick. 

36.  Amalg^am  kettles  are  ordinary  sheet-iron  buckets 
or  porcelain  kettles.     They  are  used  as  receptacles  in  which 
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to  collect  mercury  and  amalgam  while  cleaning  up  sluices 
and  undercurrents,  and  also  for  floating  amalgam  to  free  it 
from  foreign  substances  before  it  is  strained  and  retorted. 
No  receptacle  made  from  material  with  which  mercury  will 
alloy  should  be  used  for  this  purpose. 

37.  Cleaning  the  Ainalgram. —  The  quicksilver  and 
amalgam  obtained  in  cleaning  up  the  sluice  and  undercur- 
rents are  stirred  in  buckets,  if  necessary  with  the  addition 
of  mercury  to  make  a  fairly  fluid  mass;  the  coarse  sand, 
nails,  and  other  foreign  substances  that  float  to  the  surface 
are  then  skimmed  off.  This  residue  of  sand,  which  always 
retains  some  amalgam,  is  concentrated  by  working  in  pans 
or  rockers,  and  the  concentrates  are  grouttd  in  iron  mor- 
tars with  some  clean  quicksilver  to  free  the  amalgam.  Any 
base  material  floating  on  the  surface  after  this  second  clean- 
ing is  melted  separately  to  a  base  bullion,  and  clean  quick- 
silver and  amalgam  are  added  to  the  clean  portion  from  the 
first.     The  quicksilver  is  then  separated  from  the  amalgam 

by  straining  through 
canvas,  chamois  skin,  or 
buckskin,  and  the  dry 
amalgam  is  treated  in 
iron  retorts.  A  barrel 
into  which  pieces  of 
iron  and  quicksilver  are 
placed  and  revolved,  or 
tumbled,  for  a  few  hours 
may  be  used  to  advan- 
tage in  freeing  sand 
from  amalgam.  The 
surplus  quicksilver  is 
separated  from  the 
amalgam  as  completely 
as  can  be  done  by  strain- 
ing   through  buckskin. 

38.  Retorting  Jiullion. — When  the  quantity  of  amal- 
gam to  be  treated  is  small,  the  retort  shown  in  Fig.  15  may 
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used  for  volatilizing  the  mercury  in  the  amalgam.     This 

ttort  is  a  cast-iron  pot  with  a  heavy  flange  a  ground  to 

lake  a  tight  joint  with  the  cover  b.     The  cover  and  pot  are 

held  in  place  by  the  clamp  ^r  and  the  screw  rf.     In  the  top 

the  cover  is  screwed  the  bent  pipe  r.  which  is  coupled  to 

straight  pipe  f  surrounded  by  a  cooler^.     The  cooler  is 

»r  condensing  the  fumes  of  mercury  that  come  from  the 

*tort  when  that  is  placed  in  a  fire.     Water  flows  into  the 

>Ier,  at  A,  from  a  reservoir  placed  higher  than  the  retort 

m\  flows  out  through   i.     The   condensed    mercury  flows 

torn   the  pipe  /  into  a  receptacle  prepared  to  receive  it, 

rhich  may  also  be  partially  cooled  by  water. 

Where  large  amounts  of  amalgam  are  handled,  furnaces 
rith  stationary  cast-iron  retorts  are  constructed  especially 
;ir  recovering  the  mercury  from  the  amalgam.  If  the 
etort  were  to  be  left  unattended  for  a  short  time,  and  it 
rcre  placed  immediately  above  the  fire,  it  might  become 
Overheated,  and  the  weight  of  the  metal  inside  of  the  retort 
luse  it  ti>  *'  belly/'  thus  ruining  it  completely.  To  pre- 
pnt  this,  the  retort  should  be  supported  at  several  points 
ind  arranged  with  the  fire  on  one  side,  so  that  the  heat  may 
evenly  distributed  over  it. 

Fig.    U\   il  hist  raters   this   retort   and  furnace    in   section. 
cfore  putting  amalgam  into   it   the   inside  of  any  retort 
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iioultl  be  coated  with  a  thin  sheet  of  clay  to  prevent  the 
fialgam  adhering  to  the  iron  of  the  retort.     The  amalgam 
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should  be  carefully  introduced  and  spread  out  evenly.    The 
pipe  connecting  the  retort  with  the  condenser  must  be  cleaned 
of  all  obstructions  and  the  amalgam  so  spread  that  in  no 
possible  way  can  the  pipe  become  choked,  for  if  this  happens 
an  explosion  will  probably  result ;  such  an  explosion  will  fiU 
the  retorting  room  with  the  poisonous  fumes  of  mercury  and      I 
endanger  the  lives  of  the  workmen.     When  the  amalgam  is 
first  placed  in  the  retort,  care  should  be  taken  thdt  none  of 
it  is  too  close  to  the  pipe  connecting  with  the  condenser,  fot 
when  retorting  begins  the  amalgam  swells  into  a  spongy 
mass  and  may  close  the  condensing  pipe;  the  cover  is  luted 
on  with  clay  or  a  mixture  of  clay  and  wood  ashes,  and  theti 
securely  clamped.     To  avoid  the  danger  of  amalgam  exces- 
sively swelling,  the  heat  should  be  applied   very  slowly  ^^ 
first  and  gradually  raised  until  a  dark-red  heat  is  attained* 
that  temperature  being  all  that  is  necessary  to  volatilize  tl»  ^ 
quicksilver.     Toward  the  end  of  the  operation,  however,  tlm^ 
heat  may  without  damage  be  raised  to  a  cherry  red  unt  i  ^ 
distillation    ceases.     During  the   operation,   the   condensesr^ 
coil  at  the  back  of  the  retort  should  be  kept  cool  by  mear*^ 
of  a  continuous  supply  of  fresh  water,  which  enters  from  th^ 
lower  end  of   the  box  containing  the  condenser,  while  th.^ 
warm  water  discharges  from  the  upper  end  of  the  box.     Yof 
the  purpose  of  cleaning  and  inspection,  a  straight-tube  con* 
denser  is  preferable  to  a  coil,  for  it  is  impossible  to  run  ^ 
rod  through  a  coil  for  the  purpose  of  cleaning;  it  is  also 
impossible  to  satisfactorily  inspect  the  coil  and  see  that  it  is 
clean.     The  retorted  bullion   is  cut  or  broken  into  pieces 
and  then  melted  in  well-annealed  black-lead  crucibles,  nitric 
acid  being  afterwards  used  to  remove  the  base  metals,  and 
the  gold  then  cast  into  bars. 
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DREDGES 

39,    General  Considerations. — Where   streams  cannot 
be  diverted  from  their  courses  by  flumes  and  wing  dams  so 
as  to  expose  the  river  bed,  it  becomes  necessary,  in  case  the 
deposit  is  to  be  worked,  to  introduce  the  method  of  excava- 
ting and   handling  the   material    termed  dredgrlngr.     The 
dr^ge  for  working  river  beds  consists  of  a  flat-bottomed 
scow  provided  with  suitable  machinery.     The  first  .dredge 
'^as  a  crude  aflFair ;  it  consisted  of  a  small  scow  provided  with 
^  spoon  that  was  thrown  out  over  the  stern  and  allowed  to 
s^nk  to  the  river  bed.     A  small  hand  windlass  on  the  scow 
^^^^  the  spoon  along  the  river  bottom   and  then  into  the 
scow,  where  it  was  dumped  and  the  gravel  washed  from  the 
gold.    This  proved  so  successful  that  the  scows  were  after- 
^•^rds  built  with  undershot  waterwheels,  having  an  axle  to 
^^^  as  a  drum.     The  current  of  the  stream  revolved  these 
Waterwheels  and  wound  up  a  rope  attached   to  a  scoop  that 
aredged  the  river  beds;  this  arrangement  was  found   to  bo 
so  economical  and  serviceable  that  its  use  has  been  continued 
in  some  localities  to  the  present  day.     This  beginning  led  to 
great  improvements  until  large  scows  supplied  with  modern 
eAcavating  and  concentrating  machinery  were  constructed. 
Dredges  able  to  excavate  low-grade  or  high-grade  river  beds 
and  bars,  at  a  moderate  working  cost,  have  been  adopted 
in  nearly  every  civilized  country  where  gold  dredging  can 
be  carried  on. 

40,     Tyi>es  of  Dredgres. — There   are    four    recognized 
types  of  dredges;  they  differ  from  one  another   chiefly  in 
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their  manner  of  excavating.  Whatever  may  be  the  type, 
they  are  all  provided  with  powerful  machinery  capable  of 
dealing  with  large  quantities  of  material.  In  some  localities 
where  electricity  is  cheaper  than  steam,  dredges  are  operated 
by  electrical  machinery,  but  as  a  usual  thing  steam  is  the 
motive  power.  The  concentrating  machinery  of  the  dif- 
ferent types  of  dredges  differs  in  construction  and  applica- 
tion, but  is  not  a  distinctive  type,  similar  machinery  being 
adapted  to  other  concentrating  purposes. 

41.  Speelflcatlons  for  Dredges. — The  machinery  for 
excavating  the  ground  and  conveying  it  to  the  concentrators 
must  be  strong  enough  to  withstand  the  great  strains  that 
at  times  such  machinery  necessarily  receives,  esp)ecially 
where  large  boulders  or  rock  ledges  are  encountered.  There 
must  be  a  serviceable  washing  apparatus  for  cleaning  the 
coarse  material  and  separating  the  gold  from  adhering  dirt; 
also  gold-saving  devices,  such  as  tables,  sluices,  and  riffles, 
in  order  to  collect  whatever  gold  is  excavated.  There  must 
be  some  kind  of  machinery  for  discharging  the  tailings  in 
such  a  manner  that  they  will  not  interfere  with  the  pres- 
ent or  future  dredging  and  the  movements  of  the  scow. 
Arrangements  must  be  provided  for  moving  the  scow  from 
place  to  place,  as  the  material  is  excavated  to  bed  rock,  and 
also  for  holding  the  scow  up  to  the  work. 

For  the  purpose  of  washing  the  gold  from  the  worthless 
material,  a  pumping  plant  is  necessary.  Pumps  for  such 
purposes  are  generally  of  the  centrifugal  type,  since  they  are 
capable  of  raising  large  quantities  of  water  and,  whenever 
necessary,  loose  dirt  as  well. 

Appliances  for  entrapping  and  holding  coarse  gold  and 
amalgamating  fine  gold,  such  as  sluices  and  riffles,  are  neces- 
sary. The  separation  may  be  accomplished  by  blankets, 
undressed  hides,  sluices,  riffles,  or  amalgamating  plates, 
sometimes  by  all  combined,  depending  on  the  fineness  of 
the  ^old. 

When  work  is  prosecuted  night  and  day,  arrangements 
must    be    made    for    lighting.      While    some    other   good 
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systeni  of  lighting  may  answer^  an  electric  are-light 
plant  should  be  figured  ill  the  spedficatrons,  as  such 
ghltng    is   geiitraUy  the    most   satisfactory. 
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tjiends  on  pumps.     Noni;;  are  so  suitable  for  this  purpose 

K^tivuifugal  pumps, 

Ikich    depend    for 

w  action    on    the 

sure  produced  by 

ccDtrifugal  force 

fa  quantity  of  water 

iatinl  rapidly  by  the 

ies  of   the   pump; 

1?  IS  a  view  i>f  a 

111  trif  iigal  ptimp 

t^h   ijiic  half  of  the 

liiig  removed,  su  as 

show  the  vanes  ii 

their  loc;ition  in 

pump.     The  suc- 

pif»e  coiniects  with  that  part  of  the  ca^e  that  has  been 

*ovcd  and  delivers  ihe  water  to  the  vanes  at  their  inner 

^ii.  Dear  the  hub  S,  the  vanes  being  made  sharji  at  this 

acc,  H>  as  to  offer  ichs   resistance  to  the  entering  water. 

vanes   revolve    in    the   direrticm    ni   the  arrow,  being 

Invi^D  liy  a  shaft  thruugli  the  hub  ^.V,     When  the  vanes  are 

cvtilvtd,  the  air  between  I  hem  is  driven  out  by  centrifugal 

iorce,  thus  forming  a  partial  vacuum.     Water  is  forcetl  m 

IlkfiM  -'    «      suction  |)ipt!  by  the  pressure  of  the  atmosphere 

^^^  [>acc  lietwecn  the  vanes.      The  water,  of  course^ 

jtt  made  to  revolve   with    the    vanes^  autl    the  centrifugal 

fjitti-"  ■»-:        ii  outwarfis  MUo  the  *ipirabshaped  passage  />, 

^^^''  i  J  ihc  discharge  pipe. 

Tk  ti>rm  d(  the  vaiies  and  o(   the  passage  D,  Fig*  17, 
'^<^  great  importance  in  determining 'the   efficieaey  of  a 
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centrifugal  pump,  which  are  most  efficient  when  working 
under  low  heads,  and  are  seldom  used  for  lifts  greater  than 
40  feet.  For  low  heads  and  large  quantities  of  water,  they 
give  excellent  results,  and  are  especially  useful  when  the 
water  contains  grit  or  other  impurities  that  would  destroy 
the  pistons  and  packing  or  prevent  the  closing  of  the  valves 
in  other  pumps.  Since  there  are  no  valves  or  other 
restricted  passages,  centrifugal  pumps  have  been  largely 
used  in  dredging  machines  for  pumping  water  containing 
large  quantities  of  mud,  sand,  and  gravel;  and,  in  fact,  any- 
thing can  be  pumped  that  will  be  carried  through  the  pump 
and  pipes  by  a  current  of  water. 

In  Fig.  18  is  shown  the  shell  a,  and  open  runner  ^,  and  a 
closed  runner  c.  The  closed  runner  discharges  the  entire 
run  of  the  wheel  and  is  considered  by  the  makers  to  be  more 
efficient  than  the  open  runner.     It  is  further  claimed  that 


//////  /(^ 


Fig.  18 


the  closed  runner  wears  but  little,  the  wear  coming  on  inter- 
changeable balance  rings,  while  the  open  runner  wears 
rapidly  and  recjiiires  fre(iuent  renewal.  Special  pumps  are 
sometimes  made  with  only  one  passageway  through  the 
runner,  which  is  larj^e  enough  to  allow  the  passage  of  lumps 
of  material  as  iarirr  as  the  diameter  of  the  pipes  fitted  to  the 
pumps.     Tile  pump  shown  in   Fig.  IS  is  driven  by  a  belt, 
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but  others  are  directly  connected  to  steam  eng^ines  or  elec- 
ric  motofE.  A  pump  delivering  ^^,000  gallons  of  water  per 
linute  requires  about  30  horsepower  and  is  not,  therefore, 
Donomtenl  in  the  use  of  power,  although  very  efficient  in 
indling  large  qnantiiies  of  water  in  a  short  time. 

43.    The  Hf*ow, — ^Fig,  19  shows  the  framework  for  the 

hull  of  a  dredge.     The  ribs  are  firmly  bolted  to  the  bottom 

and  <!cck  timbers  and  these  to  longitudinal  sills.     The  hull 

constructed  with  3-inch  pine  planks,  planed  to  form  close 

^inls,  which  arc  afterwards  caulked  with  oakum  and  tarred 

make  them  water-tight.     The  scow  is  decked  over  with 

-inch  planks  in  order  to  make  a  firm  structure  that  will 

rithstand  the  racking  caused  by  the  machinery  in  motion. 

Fig.  20  shows  a  side  view  of  the  hull  decked  over  with 

>mc   of   the   machinery   in   place.     The  scow   should  set 

iTcnty  in  the  water,  and  the  machinery  must  he  trimmed  to 

YAi  end;  it  is  therefore  usual  to  place  the  machinery  that 

Iocs  in  the  center  of  the  boat  first  and  I  hen  arrange  the 

^maiuder    t^i    balance    the   craft.     If    this   is   not    readily 

.'compHshed,  stone  ballast  must  be  used, 

4-4*     Worklnipr  a  Auction  Oredjuco* — The  taiUpipe  to  the 
cntrifugal  pump  is  flexiljle  so  that  it  may  be  moved  along 
|he   river  bottom.     The  pump  that  is  mounted  upon  the 
ck  of  the  barge  lifts  material  from  the  bottom  to  a  sump 
ilher  constructed  in    the    barge   or   alongside;  the  latter 
Btuation   U  pr'*l>al)ly   the  best,  as   it  can  always  be  kept 
.  j:,.^  with  water  from  the  river,  by  making  proper  con* 
>      From  the  sump  another  pump  raises  the  material 
the  sluices,  or  if  necessary  to  a  washing  trommel;  the 
r.  however,  ts  seldom  needed,  since  the  pumps  are  fairly 
washers;  besides,  in  case  the  dredging  pump  should 
poiCc«  the  sluice  pump  can  keep  on  working,  water  rushing 
Si  to  the  sump  from  the  river  as  fast  as  it  is  pumped  out. 
if  a  good  plan  iu  cause  the  material  raised  from  the  river 
pst$s  over  bars  or  through  a  rotary  screen  to  separate  the 
from  the  tine  material  and  to  permit  only  the  latter 
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iter   the  sump;  in   such' cases  the   coarse   material  fs 

iped   over  the  side  of  the  scow.     The  material  flowing 

the  sluices  passes  over  a  series  of  riffles^  in  which  the 

15  accumulated,  while  the  refuse  passes  over  the  stern 

boat.     While  this  system  is  cheafier  than  some  others, 

[far  as  first  cost  is  concerned,  it  is  not   applicable  to 

si  Us  whose  bed  rock   is  wavy  or  contains  crevices,  for 

reason  that  no  matter  how  strong  the  suction  may  be  it 

fiat  l>c  Hiifficient  to  lift  heavy  particles  of  gold  that  cling 

the  bed  rock  or  lie  in  crevices. 

IS.  Atlt^ntitaire^  ami  Pl^wilvrtntai^e*^  of  the  Hy^tcni. 
tiiachinery  and  appliances  for  suctitm  dredging  lake  up 
little  deck  room  and  are  not  as  ei^ tensive  or  heavy  as 

•^s,  he  net*  a  lightt^r  barge  may  be  used* 
^  r,  has  numerous  disadvantages.  The 
rcr  required  for  pumping  is  necessarily  large  and  the 
inttty  of  gravel  and  water  brought  up  is  not  easily  regu- 
td.  If  gravel  is  too  free,  the  tail- pipe  is  liable  to  become 
ikcd;  and  if  tight,  the  suction  does  not  b'ft  it*  Large 
he  moved  by  it,  and  therefore  accumulate  in  a 
^.Mi  which  the  effect  of  the  suction  cannot  reach 
I  rock.  After  the  gravel  and  sand  have  been  brought  from 
' '  ^m,  the  pump  cannot  perform  satisfactory  work. 
^  wear  rapidly  on  account  of  the  grinding  action 
tbe  gravel  and  require  frequent  relining,  which  added  lo 
cost  of  power  make  this  system  unsatisfactory.  While 
ption  pumps  will  dredge  mud  from  harbors  admirably, 
fcy  arc  not  as  suitable  for  gold  dredging  as  some  other 
klhods. 


THE  entlVEL  DREDI^E 

40«  Hi cii ni-H lio V l4  II re il  IP?  1 1 1  it. — Fig.  21  s h o ws  a  stea m- 
[^vcl  dredge  at  work.  In  this  figure  two  barges  are 
>wn  Hide  by  side,  one  for  the  machinery  and  the  other  for 
sluice.  The  object  of  this  is  to  avoid  extra  width  and 
lit  the  uluice  to  be  placed  tin  either  side  of  the  dredge, 
so  work  cither  bank  of  the  stream.     The  machinery  for 
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working  this  dredge  is  of  the  regular  steam -shovel-bucket 
type.  The  scoop  lip  of  the  dipper  a  is  reenforced  to  pre- 
vent its  bending  when  coming  against  rocks.  The  doors  h, 
through  which  the  dipper  discharges,  are  lined  with  leather 
or  rubber  to  make  as  tight  a  joint  as  possible.  The  hop- 
per c  is  made  with  screen-bar  floor,  and  the  material  is 
washed  down  the  sluice  e  by  water  coming  from  a  pump 
through  tlie  pipe  d.  The  coarse  material  that  will  not 
wash  through  the  screen  bars  and  into  the  sluice  e  is  raked 
or  pushed  overboard.  Riffles  are  constructed  in  the  sluice. 
The  dredge  shown  has  been  working  a  number  of  years  sat- 
isfactorily on  the  Chestatee  River,  Georgia. 

The  shovel,  or  dipper,  is  operated  by  an  arm  /",  that 
works  in  gearing  on  a  boom  g.  The  dipper  moves  up  or 
down  and  swings  back  and  forth,  while  the  boom  moves 
horizontally  either  right  or  left,  both  together  describing 
an  arc  of  a  circle  in  order  to  come  to  rest  over  the  hopper. 
In  some  instances  the  arms  are  made  20  feet  long  and  the 
boom  OO  feet.  The  hulls  are  made  from  40  to  100  feet  long, 
according  to  the  design  and  power  of  the  dredge.  The 
capacity  of  the  dredges  varies  also,  according  to  size  and 
power:  some  buckets  hold  1  cubic  yard  and  others  3f  cubic 
yards,  hence  the  yardage  excavated  will  vary  from  500 
to  2,()n()  cubic  yards  daily.  The  manufacturers*  estimates 
are  somewhat  more  than  the  yardage  given.  The  dredges 
are  tit  ted  with  steam  winches  for  moving  the  boat  from 
place  to  place. 

tT.  The  (lain -Shell  Dredge. — Fig.  22  shows  a  river 
dredge  fitted  with  a  /arrab,  or  clam-shell  bucket  for  exca- 
vating. The  buckets  are  made  in  various  forms  with  teeth, 
or  serrated  edges,  to  penetrate  the  ground.  In  whatever 
way  they  are  (instructed  they  must  open  and  close  auto- 
matically. Tht'  buckets  are  worked  by  machinery,  but  are 
hnni;-  from  the  end  of  a  swinging  crane.  When  at  work 
th<*y  arc  <lr«»j)p(.-(l  open  into  the  water  and  their  weight, 
with  the  momentum  obtained  in  falling,  drives  their  teeth 
into  the  river  bed.     Tiie  rope  that  raises  thegi  first  acts  on 
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ic  wings  of  the  bucket  In  such  a  way  as  to  draw  the  dirt 
?twccn  them   into   the   receptacle  that   they   form  when 


ii 


lo^d.     The  Imcket  with  its  contents  is  then  raised  to  the 
^d  of  the  crane,  which  now  swings   right   or  left    to  the 
lesireil  dumping:  place.     The  buckets  have   a   capacity  of 
cubic  yards. 

The  hull  ffir  this  dredge  does  not  differ,  except  in  par- 

ictilar^,  from   similar   drt^dges.     It   has   a   swing;ing  crane 

rith  *»uitahle  machinery  for  moving  it  about.     The  crane  in 

Ihe  illustration  is  so  arranged  that  it  can  swing  in  a  com- 

ptetc  circle*  but  this  is  nn usual,  t7^°  being  the  maximum 

ring,  with  a  radius  of  25  feet.     The  bucket  delivers  gravel 

^'  "  '^tTif  that  may  be  on  the  barge  with  the  crane  or  on  li 

'.   barge,  as  in  the  illustration.     If  on  the  barge  with 

le  crane,  two   hoppers  will   be  needed,  one  on  each  side, 

d  somctinics  as  high  as  14  feet  above  the  deck.     The 

1  excavating  and  delivering  material  to  the  hoppers 

;ikjuut  4U  buckets  per  hour;  from  this  and  the  capacity  of 

ic  buckets  the  ipiantity  of  material  treated  daily  can   be 

j&ttmated. 

This  system  has  some  ctmuiienduble  features.     The  mate- 
lal  i^i  delivered  moderately  dry  to  the  hoppers  and  there  is 
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no  danger  of  the  banks  caving,  which  sometimes  interferes 
with  the  workings  of  suction  and  bucket  elevator  dredges. 
It  may  also  be  used  for  dredging  in  deep  places.  There  are, 
however,  many  disadvantages.  It  frequently  happens  that  a 
stone  lodges  between  the  jaws  of  the  bucket,  thus  preventing 
their  closing  completely,  in  which  case  the  bucket  reaches 
the  hopper  only  partly  full.  The  daily  capacity  is  greatly 
reduced  in  this  manner.  The  crane  requires  the  constant 
attention  of  one  man,  and  as  the  work  is  exacting,  three 
shifts  a  day  are  necessary.  The  cost  of  working  is  about 
five  times  that  of  a  good  ladder  dredge,  being  over  50  cents 
per  cubic  yard. 


BUCKET  DREDGES 

^8,    Introduction. — The  bucket  dredger,  in  general, 
IS  shown  in   Fig.   23,   (a)    being  a  plan  and    {b)    an  eleva- 
tion.    Several     firms    manufacture    bucket    dredges    that 
differ   chiefly    in   the   construction   of    the    links,    buckets, 
^^  washing    machinery.      Fig.   23    {b)    shows   the    hull   a 
I     ^  a  barge,  which  is  squared  at  one  end,  but  catamaran- 
^Ped  at   the   other.       The   buckets   by   which    with  their 
links  form  an  endless  chain  belt,  move  around  two  tumblers 
situated   at    the    ends    of    the   ladder    c.     The    ladder    is 
|^*sed  or  lowered  by   wire  ropes  fastened  to  it  and  pass- 
^Z  over  pulleys    in    the   gantry  d,    thus  connecting  with 
the  drum   of   a   steam    crab.      This    arrangement    permits 
the  ladder  to  be  lowered  between  the  catamaran  for  deep 
dredging  or  be  raised  for  shallow  dredging.     The  buckets 
^^^^ck  the  bank  e  when  in  motion  .and  raise  the  material 
^  the  hopper  /,  where  they  discharge.      From  the  hopper 
"^  niaterial  is  washed  into  the  trommel  ^,  and  is  further 
^^hed  by  streams  of   water  coming   from    the    pump   //, 
^^   entering  the  trommel  through   the  pipe  t.     The   fine 
^t-erial  passes  from  the  trommel  on  to  the  tables  j\  and 
'^^^•'5   from    there  to  the  sluice  boxes  X',   where  the  gold  is 
^Jned   and    the    refuse    washed    overboard.     The   coarse 
*^^rial  passes  out  of  the  trommel  into  a  trough  /  leading 
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to  a  boot:  from  which  it  is  lifted  by  the  ele\*ators  working 
on  ihe  boom  m.     The  latter  may  be  raised  so  that  the  mate- 
rial may  stack  to  a  height  of  30  feet  if  desired*     In  the  pUii,#  I 
is  the  deck  of  the  barge,  b  are  the  buckets,  d  the  gantrj, 
/  the  hopper,  g  the  trommel,  //  the  pump  driven  by  belt»  i  ihej 
pump  pipes  leading  to  the  hopper  and  to  the  trommel, /ihtj 
j;old -saving   tables,   and  k  the   sluice    boxes.     The  chnie  /I 
leads  to  the  stacker  m,  which  projects  over  the  stern  of  ihcl 
barge;  n  shows  the  boiler,  with  steam  pipe  leading  to  tht 


\. 
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i^^^-ii 
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engine  <?,  that  furnishes  power  for  moving  the  machintry, 
and  also  for  moving  the  boat  from  place  to  place.  At  th« 
comers  of  the  harge  are  hawse  holes/,  through  which  ancho| 
ropes  pass  to  the  winches.  These  are  worked  by  levers  ii 
such  a  way  that  each  winch  is  independent  of  the  other 
One  winch  raises  the  bucket  ladder,  another  the  staking 
boom,  while  the  other  four  move  the  boat  from  place 
place.  A  better  view  of  the  gold -saving  tables,  $e  tiling 
boxes,  and  sluice  box,  is  shown  in  Fig.  M, 


§47 


PLACER    MINING 


59 


49.  Buckets. — In  Fig.  26  is  shown  a  series  of  buckets  a, 
which  are  joined  by  means  of  links  b.  These  buckets  and 
links  are  made  very  strong  in  order  that 
they  may  be  able  to  lift  a  heavy  load  and 
sustain  considerable  strain  without  part- 
ing. It  will  be  noticed  that  every  other 
link  carries  a  bucket  and  that  the  fasten- 
ings to  the  links  are  made  as  nearly 
grit-proof  as  possible,  besides  being  so 
arranged  that  they  may  be  quickly  re- 
moved and  another  immediately  sub- 
stituted in  case  of  breakage.  Each 
bucket  is  reenforced  by  a  heavy  piece  of 
steel  c  for  the  purpose  of  saving  the  bowl 
of  the  bucket  from  wearing;  hence  when- 
ever this  heavy  lip  wears  out  it  may  be 
replaced  and  the  main  part  of  the  bucket 
thus  preserved. 

The    dimensions    of    the    chain    and 
buckets    depend    on    the    size    and    the 
capacity    of    the     dredge    for     handling 
material.      Buckets    vary     in     capacity 
from  2  to  18  cubic  feet,  the  latter  being  approximately  of 
sufficient  size  to  carry  1  ton  of  material.     The  capacity  of 
the  dredge  will  not  only  depend  on  the  size  of  these  buckets 
but  also  on  the  speed  with  which  they  travel,  and  the  capac- 
ity of  the  washing  and  sluicing  apparatus.     Buckets  having 
2  cubic  feet  capacity  are   supposed  to  excavate  and  raise 
1,000  cubic  yards  per  day  of  24  hours.     Buckets  of  18  cubic 
feet  capacity  are  supposed  to  excavate  and  raise  8,000  cubic 
yards  of  material  in  24  hours. 
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80.  Electrically  Driven  Bucket  Dredge. — Fig.  2G  {a) 
shows  a  type  of  dredge  that  differs  somewhat  from  the  one 
described.  The  material  is  excavated  and  conveyed  by  the 
bucket  belt/i  to  a  shaking  screen  b,  upon  which  it  is  dumped, 
^he  fine  ore  is  allowed  to  pass  the  screen  while  the  coarse 
material  is  carried  by  the  conveyer  belt  ^  to  a  stone  chute  d, 
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anci  is  discharged  from  this  into  a  hopper  r,  from  which  it 
is  delivered  on  to  the  tailings  stacker y.     The  fine  ore  after 


passinji^   throiii^h    I  lie   scn-rn    is    led    over    the    gold-saving 
tabks^;^'\  and  iiU«)  a  spitzkaslun //,  and  tjience  to  the  tailings 


§  47  PLACER    MINING  61 

stacker.  The  tables  are  given  an  inclination  toward  the 
spitzkasten.  In  the  plan,  Fig.  26  (^),  ;;/  is  the  motor  that 
drives  the  excavator,  not  shown  in  the  plan,  the  screen  b^ 
the  stacker/",  and  the  winches  zv\  c  is  the  belt  conveyer  for 
removing  the  material  that  passes  over  the  screens  to  the 
stone  chute  d\  c  is  the  hopper  into  which  the  large  stones  are 
dumped;  /"is  the  tailings  stacker;  g  the  gold-saving  tables; 
and  //  the  spitzkasten. 

For  gravel  containing  both  clay  and  boulders  a  double-lift 
dredge  may  be  used,  the  material  thus  receiving  an  extra 
handling,  which  effectually  breaks  up  the  clay  and  separates 
the  gold. 

61.  Ordering  Dredgfes. — For  designing  dredges,  the 
following  data  should  be  known.  The  character  of  the 
g^round  to  be  excavated — whether  it  is  sand,  sand  or  gravel, 
sand,  gravel,  and  boulders,  or  gravel  and  clay-cemented 
material.  The  buckets,  elevating  machinery,  and  screens 
will  be  constructed  upon  this  data.  The  depth  of  the  deposit 
below  water  level  and  the  thickness  of  the  deposit  to  bed 
rock  should  be  known,  for  on  this  information  the  length  of 
the  barge  and  excavating  arm  or  ladder  will  depend.  If  the 
gravel  is  loose  and  easy  to  dig,  a  medium  weight  of  machinery 
may  be  used;  but  if  very  hard,  a  heavy  and  strong  outfit 
will  be  required.  If  clay  is  present,  a  double-lift  dredge 
may  be  necessary.  If  there  are  many  boulders,  the  buckets 
must  be  exceptionally  large  and  the  grizzly  very  strong. 
Should  the  gold  be  medium  or  coarse  the  sluice  box  will 
save  it ;  but  if  fine,  the  table  system  is  better. 
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62.  Introduction. — There  are  localities  where  ancient 
rivers  have  eroded  gold-bearing  rocks  and  deposited  the 
gold,  with  other  debris,  where  now  scarcely  any  water  is  to 
be  obtained,  at  least  not  nearly  enough  for  hydraulicking. 
There  are  three  characters  of   placers  of  this  description, 
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that  is,  scows  fitted  up  in  the  same  manner  as  river  dredges. 
The  third  has  some  water  but  not  suflfieiLvnt  tu  use  tor 
dredging  with  seows,  and  must  be  impounded  and  used 
over  and  over  again. 

im.  Float tiifr  Iiilaiitl  Dred^**s. — Fig,  27  shows  a  dry 
placer  with  the  floating  dredge  to  the  left;  this  dredge  was 
IV  1  the  ground.  In  the  foreground  is  shown  a  boring 
I  '   testing  the  value  of  the  ground.     Fig,  28  shows  the 

completed  dredge  in  operation,  having  dug  its  own  pond  for 
loating  in.  The  water  is  seen  entering  through  a  ditch  a 
it  the  right  of  the  pond^  and  the  barren  excavated  material  ff 
is  shown  stacked  up  in  the  rear.  When  the  ground  within 
p  'us  of  the:  arm  is  worked  out^,  the  boat  is  moved  to 

[  position.  After  the  gravel  has  been  removed  to 
bed  rock*  it  may  prove  worth  while  to  shut  off  the  water 
entering  the  pond,  pump  out  the  pond,  and  clean  the  bed 
rock  by  band.  Machinery  is  never  as  effective  in  cleaning 
bed  rock  as  men  with  shovels,  but  if  hand  work  is  to  be 
snc,  the  tailings,  which  take  up  about  l^  times  as  much 

>fii  as  the  ground  in  place,  are  to  be  discharged  outside 
ae  pond* 

JI4«     Plpfier  lireiigres* — The  dipper  is  particularly  use- 
j|  in  inland  dredging,  since  it  will  handle  large  and  small 
I  in  a  i^ery  satisfactory  manner,     Fig,  '-i^  shows  a 
,„     c  digging  its  own  pond;  the  bucket  is  under  water 
the  bucket  arm  a  is  shown.     The  scow  is  held  steady  by 
f  Ills  A  at  the  corners*     The  stream  being  discharged 

,:iC  pipe  r,  at  the  rear  of  the  scow,  consists  of  water 
fine  mater ialf  that  has  passed  over  the  sluices  and  into  a 
^urop.     The  coarse  material  is  removed  by  the  stacker  belt  d, 
*vTnrh  in  this  case  is  a  rubber  belt  provided  with  flights. 
rc%'er  possible,  such  belts  should  be  used»  as  they  are 
t  and  !^crviceable.     The  hopper  in  this  illustration  is  not 
tvn  as  It  is  on  the  opposite  side  of  the  dredge.    The  plat- 
form in  con*! fueled  for  the  foundation  of  another  hopper, 
in  ^rdcr  to  have  one  «ach  side  of  the  barge. 
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the  material  into  a  sluice  on  the  bank  if  it  is  desired  to  do 
so.  The  dredging  machinery  is  placed  on  a  strong  car  run- 
ning on  a  track  and  while  working  is  held  in  position  by 
means  of  jack-screws. 

Fig.  30  shows  a  traction  dredge  in  connection  with  which 
a  small  car  is  used  for  carrying  the  material  to  the  sluice. 
The  dipper  a  that  is  operated  by  the  boom  b  excavates  the 
material  and  dumps  it  into  a  small  skip  car  c.     The  skip 
carries  the  material  to  a  hopper  in  the  top  of  the  dredge, 
where   it   is  automatically  dumped  and  passed  over  grate 
bars,  the   coarse  material    going   to   the   dump,  while  that 
which    passes    through  the  grizzly   falls    into    a    revolving 
screen  d,  in  which  it  is  washed  and  sized,  the  coarser  going 
to  the  stacker  e,  and  so  to  the  dump  in  the  rear,  while  the 
fine    material    goes   through    the    screen    and    is   washed 
through  the  sluice  box  s. 

This  dredge  is  capable  of  handling  from  800  to  1,500  cubic 
yards  of  material  in  10  hours,  the  bucket  having  a  capacity 
of  2  cubic  yards.  For  a  bucket  having  from  3  to  3J  cubic 
yards  capacity,  from  1,500  to  4,000  cubic  yards  may  be 
handled  in  10  hours  of  continuous  work.  Water  that  is 
necessary  for  these  dry-placer  dredges  may  be  impounded 
and,  with  a  slight  addition  of  fresh  water,  used  over.  The 
dirt  is  washed  both  in  the  hoppers  and  in  the  trommels,  so 
that  all  clay  balls  are  thoroughly  broken  up. 

50.     Clam-shell    IJucket   Dredgers. —  In     Fig.    31    is 

shown  a  clam-shell  bucket  dredge  at  work  in  dry-placer 
mining.  The  closed  bucket  at  a  is  lifting  overburden 
from  a  placer  deposit;  the  bucket  b  has  discharged  its  load 
and  is  ready  to  fall  and  grab  another.  On  account  of  the 
len«j^lh  of  the  boom  and  the  heavy  load  coming  at  its 
end,  a  dry-placer  or  traction  dredge  is  placed  on  four 
trucks,  one  near  each  corner  of  the  car  platform.  This 
arran«:j:(Mnent  rt^iuires  double  tracks  but  gives  stability; 
liowevcr,  to  furtlier  add  to  the  stal)ility  and  prevent  the 
platform  rocking  and  injuring  the  machinery,  jacks  are 
placed  at  the  end  corners  where  the  boom  swings.     When 
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washing  machinery  is  connected  with  traction  dredgers,  it 
may  be  placed  on  a  separate  car  alongside  the  excavator,  or 
it  may  be  arranged  on  the  same  car  by  extending  hoppers 
over  the  sides.  In  the  latter  case  both  ends  of  the  car 
must  be  jacked. 


PNEUMATIC  JIGS 

67.  I>ry  Washers. — Where  there  is  no  water,  placer 
mining  is  a  poor  proposition ;  however,  it  is  carried  on  in 
several  localities  by  mfeans  of  machines  termed  dry  wash- 
ers. These  machines  depend  on  air  to  separate  the  barren 
from  the  valuable  material,  but  at  the  outset  they  are  con- 
fronted with  the  problem  of  sizing.  It  is  useless  to  attempt 
the  concentration  of  ore  in  a  dry  way  by  machine  until 
it  has  been  sized,  and  as  soon  as  one  considers  sizing 
machinery,  the  factor  power  becomes  of  the  uppermost 
importance. 

Power  can  be  obtained  from  gas  engines  and  in  localities 

where   there   is  a   little   water   such  engines  may  make  it 

feasible  to  work  the  ground.     There  are  several  dry-placer 

machines  that  are  worked  by  hand,  and  are   said  to  save 

63  per  cent,  of  the  gold. 


\  Tymmp  piiAceb  mining 

I  58,  Brlftlngr. —  In  the  case  of  deep  placers  overlaid 
with  lava  caps,  drift  mining:  is  followed  in  order  to  obtain 
the  material  on  the  bed  rock.  In  some  cases,  only  the  bed- 
rock gravel  will  pay  for  excavating;  while  in  others  it  is 
possible  to  work  the  material  for  some  distance  above  bed 
rock,  and  occasionally  it  is  found  possible  to  work  the 
pavel  on  two  different   levels,  provided   a   false    bed  rock 

I  existed  some  distance  above  the  true  bed-rock.  In  working 
^rift  mines,  the  entrance  may  be  effected  either  through  a 
shaft  or  tunnel.  In  some  cases  an  old  river  bed  is  cut  by  a 
roodcrn  river  bed  in  such  a  manner  that  a  drift  can  follow 
the  old  bed,  but  in  other  cases  it  v  *"  ^cessary 
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to  drive  a  cross-cut  tunnel  from  an  adjacent  valley  or  to 
operate  the  mine  through  a  shaft.  Operating  through  a 
shaft  has  the  disadvantage  that  the  water  must  be  removed, 
and  this  often  renders  the  mining  operations  unremuner- 
ative. 

Fig.  32  gives  a  plan  and  two  sections  on  the  Sunny  South 
drift  mine  in  California.  This  mine  was  operated  through 
a  tunnel  driven  from  an  adjacent  valley  in  such  a  way  that 
it  passed  under  the  lowest  part  of  the  ancient  river  bed, 
and  access  -was  obtained  to  the  gravel  by  means  of  raises. 
Drifting  is  only  profitable  when  the  precious  h!etal'ha*§*bfeen 
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concentrated  in  well-defined  strata  or  portions  of  tha 
channel.  The  direction  of  the  tunnel  through  the  **ri^ 
rock  "  is  a  matter  of  great  importance,  and  should  be  loc^ 
ted  so  as  to  reach  the  lowest  part  of  the  deposit,  otherwi^ 
it  will  be  necessary  to  pump  water  and  raise  gravel  to  i 
tunnel,  and  the  main  objects  sought  in  drifting  will 
missed. 


59.     Ilandlinia:  and  Treating  the  Gi-avel. — The  grav 
is  removed  in  mine  cars  to  the  mouth  of  the  tunnel,  wher 
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It  is  dumped  and   washed  in  sluices,  or  if  the  material  is 

firmly  cemented   it  is  crushed   by  machinery ^  previous  to 

washing.    When  stamps  are  used  for  crushing  they  differ 

horn  those   in    gold   and  silver  mills  in  that  they  have   a 

<Iotible  discharge  and  a  very  much  coarser  screen,  it  usually 

o*^ing  at  least  /^-tnch  mesh.     The  greater  part  of  the  gold 

**  amalgamated  in  the  battery,  but  copper  plates  outside 

of  the  batter)-  are  also  employed,   and    these    are    usually 

followed  by  shiices.     As  a  rule,  no  attempt  is  made  to  save 

"i&  gald^iearing   sulphides   contained    in    the    gravel     In 

l^^c  tiiincs,  steam  locomotives   are  used    for   transporting 

jthemtn  and  materials  through  tunnels  that  are  over  a  mile 

*^  length,  but  arrange  meets  must  be  made  in  such  cases 

por  Ventilation,  otherwise   the  gases  from  the  locomotive 

'"  ^mother  the  men. 

^^*    'tlitilyerlug  and  Bllnlii^, — ^The  tunnel  is  secured^ 
^ft  ordinary  mine  drift,  by  means  of  timber  sets  similar 


fc^ 


Fig.  33 


^«f>5c  shown  in   Fig,   33.     The  deposit  is  divided  into 
^^^k  or  divisions,  which  are  subse<|uenl!y  worked  either 
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on  the  pillar-and-stall  system  or  by  means  of  square  work. 
When  worked  by  pillar  and  stall,  the  pillars  are  sometimes 

robbed  clean  and  the  entire  deposit 
on  bed  rock  recovered.  This  is 
accomplished  by  building  packs  of 
the  larger  boulders  in  the  worked- 
out  rooms  to  replace  the  pillars 
and  also  by  supporting  the  roof 
temporarily  by  means  of  posts 
and  caps  similar  to  those  shown 
in  Fig.  34.  If  the  gravel  is  com- 
paratively soft,  it  may  be  neces- 
sary to  timber  the  entire  roof,  in 
which  case  the  posts  may  support 
stringers,  which  in  turn  carry  lag- 
ging; or  a  series  of  drift  sets  may  be  used  side  by  side. 
When    the   square-work    system 


of  mining  is  followed,  the  drifts 
and  breasts  are  carried  in  both 
directions  at  right  angles,  leav- 
ing the  pillars  as  illustrated  in 
Fig.  35.  It  will  be  seen  that 
by  this  means  three-fourths  of 
the    deposit   can    be    recovered,  Pio.  85 

providing    the   drifts  and  pillars  are   of    the   same   width. 


Fig.  34 


61 ,  Tunnels  and  Outlets  for  Hydraulic  Mines. — Some 
placer  deposits  occur  in  ancient  river  beds,  where  they  are 
not  overlaid  with  lava  caps,  but  are  so  situated  that  they 
have  no  natural  dumping  ground.  An  outlet  for  these 
deposits  is  frequently  provided  by  driving  a  tunnel  to  some 
neighboring  ravine  or  canon.  A  shaft  is  sunk  to  connect 
with  the  inner  end  of  the  tunnel,  and  the  gravel  washed  down 
through  the  shaft  and  out  through  the  tunnel.  Sometimes 
sluice  boxes  arc  placed  in  tlie  tunnel,  while  in  other  cases 
the  material  is  allowed  to  run  on  the  rock-bottom  floor  of  the 
tunnel,  which  then  forms  a  natural  ground  sluice.  '  When 
this  latter  i)lan  is  followed  the  material  is  liable  to  wash  the 
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ir  of  the  tunnel   into  irregular  hollows,  and  may  in  time 

lusc  very  serious  caves.     There  is  one  advantage  in  having 

»iluice  inside  of  a  tunnel,  and  that  is  the  tunnel  can  he  pro- 

icd  with  doors,  which  can  be  kept  locked  In  such  a  manner 

to  prevent  men  stealing  the  gold  that  has  accumulated  in 

^c  sluices.     After  the  work  has  progressed  for  some  time 

id  the  j^ravel   has  heen  removed  to  bed  rock,  at  the  point 

jere  the  shaft  descends  to  the  tunnel,  it  maybe  possible  to 

ICC  a  portion  or  all  of  the  sluices  on  the  bed  rock  above  the 

HDt  where  the  material  enters  the  tunnel, 


f J tj.  U 1  mstt ng^  Cem en t  G ra v©  1 , — W hen  working  cemen t- 
vel  tiilEiesi  by  hydrau hacking*  it  is  frequently  necessary 
ioosen    the    gravel     by 


IS  of  bla*^ting*  For 
IIS    purpose   a    tunnel    is 

■  i  v  c  n  into  the  bank 
^mc  distance,  and  drifts 
irned  to  the  right  and 
ft,    paraltcl    to  the  face* 

ixeji  or  barrels  of  pow- 
er arc  packed  into  these 
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rifts  and  connected  with  one  anothfr  and  with  a  surtace 
ittery  by  means  of  wires,  so  that  they  can   be  exploded 
|hen  desired.     The  tunnel  is  then  carefully  sealed  with  fine 
ravel  or  clay,  so  as  to  prevent  the  escape  of  the  gas  from 
be  explosion  through  the  tunnel  opening  and  thus  increase 
the  efficiency  nf   the   explosive.     Tlie   tamping   should    be 
loroughly  rammed  in  with  wooden  mauls.     Occasionally 
stu  arc    fired    by   means  of   fuses;    when    this   is    done, 
ro  or  three  lines  of  fuse  should    be  laid,  so  as  to  avoid 
^sfires. 

The  general  arrangement  of  the  tunnel  drifts  and  charges 

shown  in  Fig.  3f>,   in  which  ad  are  the  wires  connected 

^th  the  two  poles  of  the  battery,  and  S  are  the  charges  to 

fired.     Comparatively  hard  cement  gravels  are  blasted 

means  of  black  powder,  which  is  simply  used  to  lift  and 

>niewhat  disintegrate  the  bank.     Where  the  cement  gravel 
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is  extremely  hard,  it  is  blasted  by  means  of  low-grade  dyna- 
mite or  giant  powder.     In  banks  of  ordinary  cement  graveV, 
60  to  160  feet  high,  the  m^in  drift  should  be  run  in  a  dis- 
tance of  two-thirds  the  height  of  the  bank  to  l>e  blastec3- - 
The  cross-drifts  from  the  end  of  the  main  drifts  should  1:>^ 
run  parallel  to  the  face  of  the  bank,  their  length  being  detc"*' 
mined  by  the  extent  of  the  ground  to  be  removed.     Fror""* 
10  to  20  pounds  of  black  powder  is  required  per  1,000  cubX  * 
feet  of  ground  to  be  loosened.     Even  when  black  powder  »- 
employed  for  the  blast,  the  exploders  b  are  usually  inserte^  ^ 
in  cartridges  of  giant  powder  and  placed  on  top  of  the  pap^^ 
covering  the  black  powder.     By  this  means  a  much  moi     ^ 
powerful  detonation  is  obtained,  and  the  action  of  the  blac  ^ 
powder  is  made  more  effective. 

63.     Working  Frozen  Ground. — In  Siberia  and  Alaska 
the  ground  is  frozen  to  a  considerable  depth,  and  the  summc  ^ 
season  is  so  short  that  as  a  rule,  it  does  not  thaw  sufficient: 
gravel  to  give  the  miner  a  fair  season's  work;  in  some  cases 
it  never  thaws  to  bed  rock.     On  this  account  the  material  is 
mined  during  the  winter  while  frozen,  and  is  thawed  and 
washed    during  the  summer.     The  frozen   gravel  is  much 
harder  to  work  than  ordinary  rock,  owing  to  the  fact  that  it 
is  so  tough  that  it  resists  drilling,  blasting,  or  picking.     The 
miner  therefore  thaws  the  ground  before  attempting  to  break 
it  down.     He  accomplishes  this  by  sinking  shafts  and  build- 
ing a  fire  against  a  portion  of  the  ground  to  be  removed.    In 
sinking  the  shaft,  if  the  surface  is  frozen  a  wood  fire  is  made, 
which  thaws  the  ground  for  a  little  distance.     The  fire  is 
often  rendered  more  effective  by  a  cover  of  charcoal,  to  con- 
fine the  heat.     When  the  fire  dies  down,  the  miner  scrapes 
aside    the  embers,   and  shovels   away   the  thawed  ground 
beneath  until  he  comes  to  a  frozen  portion,  where  another 
fire  is  built  and  the  operation  is  repeated.    This  is  continued 
down  to  bed  rock.     The  sides  of  the  shaft  are  g^ven  what 
support  is  necessary  by  means  of  timber  cribbing  or  rough 
square  sets  with  lagging.     From  the  bottom  of  the  shaft 
a  drift  is  started,  every  foot  having  to  be  thawed.     A  Stroopr 
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^ood  fire  is  built  against  the  face  of  the  drift  and  covered 

^Uh  charcoal,  as  bcfivre,  and  allowed   to  burn  out.     After 

fc  fire  has  burned  out,  tht;  thawed  material  is  removed  and 

>thcr  fire  built.     All  workings  must  be  tightly,  though 

necessarily  heavily  timbered,  owing  to  the  fact  that  the 

»tani  use  cif  the  fires  underground  soon  softens  the  roof» 
JDortions  of  it  are  liable  to  cave. 

^luc  simple  vcntilatini::   device   is   usually  necessary   to 
^^>ve  the    gai^es  generated    by   the    fire.       This   may   be 

»^iplished  by  means  of  a  brattice  until  the  mine  has  been 

'^dcd   a  sufRcient    distance  to  drive  an  air  shaft.     The 
'W  is  usually  carried  on  by  means  of  the  square- work  sys- 

^  ^  as  shuwn  in  Fig.  35.     The  effect  of  the  fires  in  the  drifts 
^^^  raise  the  temperature  to  an  oppressive  point,  so  that  in 

*^  large  Siberian  mines  the  miners  work  naked,  though 
¥^'  temperature  outside  may  be  several  degrees  below  zero, 
V^  amminl  of  wt*od  equivalent  to  the  thickness  of  1  foot 
►^^*>ssthe  face  will  thaw  about  the  same  depth  of  gravel, 
RN  14  inches  is  practically  the  maximum  depth  that  can  be 
I  thawed  with  one  fire. 

Amjlher   method   of   thawing   the   ground   is   by   heating 

otjiders  and   dropping   them   into  the  shaft,  where  they 

krc  left    until    the   ground    about    them    is   thawed,    when 

hey  are    removed    and    reheated    and    the    thawed    dirt 

bovclcd  out. 


114*     Thtt%%*ln|f    by    Bteain.  —  The   system   of    thawing 

jund  by  fires  has  been  almost  entirely  superseded  by  the 

of  steam  except   for   prospecting    purposes.     Steam  is 

eil  as  follows:  A  boiler  house  is  built  close  to  the  mouth 

tbc:i»Haft  in  which  a  boiler  is  placed  with  a  I -inch  or  2-inch 

ea-  Muning  down  to  the  bottom  of  the  shaft,  where 

|T  II  '   is  attached.     To  this  T  manifold  are  fastened 

i?eral  lines  of  steam  hose,  and  to  the  end  of  each  hose  a 

el   noxxle   called   a  />i?tnt  is   fastened,     This  is  a  strong 

minted  steel   tube   having  three  small   holes  bored  about 

iitich  back  of  the  point.     A  heavy  nut  is  screwed  on  the 

^er  end  so  that  the  tube  can  be  driven  into  the  ground 
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ith  a  mallet;  the  hose  is  attached  to  the  nut  a 
ngles  to  the  tube.  The  tube  is  placed  in  posit 
riving  the  point  into  the  dirt  about  6  inches. 
;  then  turned  on  and  the  point  driven  in  as  it  th 
ay.  If  large  rocks  are  met  with,  it  is  sometimes 
iry  to  drill  the  hole.  The  steam  remains  turned 
le  points  kept  in  place  for  8  or  10  hours,  when  t 
amoved  and  placed  in  another  section  of  the  mi 
tie  dirt  thawed  is  allowed  to  stand  for  a  day,  it  will 
s  heat  to  a  much  larger  area  and  thus  save  consi 
ime  and  work. 
Fig.  37  (a)  illustrates  the  method  of  thawing  by 
is  the  boiler  where  the  steam  is  generated ;  it  shoi 


w 


Pig.  37 


e  placed  directly  over  the  excavation,  as  the  grc 
able  to  cave  in  summer;   /»  is  a  steam  pipe,  froi 
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^  inches  in  diameter,  through  which  the  steam  is  conveyed 
to  the  manifold,  shown  at  r,  from  which  it  is  distributed  to 
Ihe  hose  d  leading  to  the  points  ^,  which  are  driven  into  the 

gravel  bank.     Fig.  37  (b)  shows  the  point,  which  is  from 

3  to  5  feet  long  and  1^  inches  in  diameter. 


SURFACE  ARRANGEMENTS 
AT  ORE  MINES 


GROUND  PliANS 


ECONOMT  IK  HAT^DIjING  PRODUCTS 

**    Mine  OpetiLrijics, — The  majority  of  mines  are  opened^ 

'^^^^^  kast  amount  of  trouble,  by  small  tunnels  or  shafts^ 

*'^**it  is  not  until  a  mineral  deposit  is  known  to  be  valuable 

^*  permanent  mine  openings  are  located  and  plans  formti- 

^^  for  working  on  a  large  scale.     During^  prospecting 

^^^  the  crudest  devices  are  adopted,  which  gradually  give 

^^^*  as  the  property  develops,  to  more  economical  methods 

'^^ndling  material*     The  prospector's  opening  is  made 

tile  deposit  can  be  most  readily  attacked j  but  the  per- 

1  opening  should  be  located  with  a  vievr  of  economy  in 

^*^g.  in  transporting  ore  and  supplies^  and  in  treating  the  ore. 

^nipajatively  few  ore  mines  become   large   producers^ 

h,  have  an  output  of  150  or  more  tons  per  day;  but 

^t  mines  ultimately  require  larger  power  plants  than  were 

in  their  early  days,  if  the  same  output  is  to  be  continued 

greater  depths. 

t  most  mines,  there  will  be  accumulations  of  low-grade 

^nd  tailings,  which  cannot,  for  the  time  being,  be  made 

mercially   valuable,   owing    to   the    lack    of   necessary 

lities.     Rut  these  accumulations  or  dumps,  having  cost 

*^ty  to  mine,  should  be  cared  for  until  they  are  extensive 

^gh    to   warrant    an    expenditure    for   their    treatment. 

t  ^^^^*1C4<Sm/  h  fnitwwmiitmAt  TfMbiH>k  Cffm^rty.    Emitwtd  ai  Staii^fnrrt'  H^i^  lamdfim 
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Numerous  cases  can  be  cited  by  old  mining  men  whet 
neglect  to  care  for  such  lean  ore  and  tailings  has  involve 
great  loss  to  the  mine  owners;  and  oth^r  cases  can  be  cit< 
where  dumps  have  yielded  large  amoimts  of  money. 

2.  Plan  of  Surface  Arrangrements. — Ore  mines  i 
seldom  so  located  that  all  conditions  are  favorable  to  t 
economical  handling  of  ore  or  the  arrangement  of  buildinj 
therefore,  those  dispositions  which  have  a  direct  bearing 
mining  and  hoisting  ore  should  take  precedence  over  dispo 
tions  connected  with  shipment  or  ore  dressing  and  millit 

When  planning  surface  arrangements  for  hoisting  ore, 
should  be  remembered  that  an  increase  of  power  will  pro! 
bly  be  necessary  sooner  or  later.  This  increase  should 
anticipated;  that  is,  the  initial  installation  of  hoisti 
machinery  should  admit  of  enlargement  as  fast  as 
increasing  output  of  ore  calls  for  it.  To  mine  low-grade  ( 
profitably,  a  larger  plant  must  be  installed  than  is  needed 
high-grade  ore.  There  are  two  reasons  for  this:  larj 
quantities  of  low-grade  ore  must  be  mined  in  order  to  mi 
fixed  charges;  and  low-grade  ore  occurs  in  larger  mas: 
than  does  high-grade  ore,  and  the  valuable  parts  of  it  J 
more  uniformly  and  regularly  distributed. 

The  arrangement  and  location  of  the  hoists  should 
followed  by  arrangements  for  furnishing  the  mine  with  si 
plies  and  for  assorting  the  ore,  particularly  if  the  mine 
on  a  side  hill,  or  is  in  some  high,  narrow  valley  where  tea 
must  be  used  for  moving  supplies  and  ore  to  and  from  i 
nearest  railroad  station.  Mills,  shops,  and  other  structu 
must  be  situated  as  close  to  the  mine  as  possible,  althou 
frequently  it  has  been  found  more  economical  to  transport  i 
ore  some  distance  than  to  place  the  mill  near  the  mine  openii 

Owing  to  the  fact  that  surface  conditions  at  each  mine  i 
not  the  same,  it  is  impossible  to  give  more  than  a  gene 
idea  of  a  mine  plan;  consequently,  greater  attention  will 
given  to  the  machinery  and  the  transportation  facilities 
use  at  actual  mining  plants  than  to  an  elaborate  discuss 
of  ideal  mine  conditions. 


AT  ORE  MINES 


HOISTING    PLANTS 

3*  Power  atiit  ItolBtlii^. — The  structures  needed  for  a 
[lioisimu  piaut  are  a  house  for  boiler  and  en^ine^  and  a  head- 
jfTamc,  The  introduction  of  machinery  in  mining  presup- 
[ptiM's  ihe  certainty  of  abundance  of  work,  and  a  profit  over 
I  Bad  iibove  the  cost  of  installation  and  operation.  The 
jcapadty  of  xhe  hoisting-  machinery  is  governed  by  the  deplh 
lof  the  mine,  the  number  of  stopes,  and  the  quantity  of  ore 
leach  stope  can  produce;  yet  it  is  alw  ays  good  policy  to  allow 
Hot  extra  power  to  meet  demands  consequent  on  develop* 
liuemarid  mining  at  greater  depths.  To  replace  the  old  hoist- 
|iO|f  engiTifg  with  new  ones  in  order  to  obtain  increased  power 
|iB  often  unprofitable » for  the  fised  charges  connected  with  the 
l^ostof  mining  increase  with  the  depth,  and  thus  the  mine  is 
ilcss  able  to  bear  additional  expense  than  it  was  at  the  outset. 

*^rt»vidtjd  the  contract  price  of  mining;  remains  stationary, 

hbc  only  way  to  reduce  the  fixed  charges  is  to  increase  the 

otttput;  from  which  it  follows  that,  if  the  ore  becomes  leaner, 

^^ed  quantity  must  be  mined  in  order  to  meet  the 

.-irges  and  still  show^  the  same  profit.     Either  case 

twamknts  the  installation  of  more  power  than  is  required  at 

|»r*t,  since  the  extra  output  can  be  readily  applied  to  increase 

l^^^e  promts. 

Another  advantage  in  connection  with  having  extra  power 
|»^inlabJe  at  mines  lies  in  the  fact  that,  even  if  the  bolster 
l^oiLs  ut,|  require  ail  the  powder  for  ore  raisings  the  surplus 
lOiay  bft  made  available  for  any  sudden  increase  of  water  that 
p^puiTjps  cannot  handle. 

# 

^*  Aj-i-atj|2reitieiit  of  Ilol^tlnijr  Machlnery.^ — There  are 
[  ^°  systems  used  in  arranging  hoisting  machinery  at  mines; 
inaxucly,  the  individtmi  and  the  itnttrui  sysiem.  In  one  case, 
l^^e  is  one  engine  and  one  drum  to  each  shaft;  in  the  other 
l^^e,  one  engine  operates  several  drums.  The  economy,  if 
[^^^6  is  any,  in  a  centra!  plant,  consists  in  concentrating  the 
P'^crin  one  large  engine,  instead  of  distributing  it  among 
[•^veraj  small  engines. 
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5.  Individual  nolstlngr  Plants. — Where  the  Indi- 
vidual system  is  used,  the  shaft  may  have  a  large  ao* 
continuous  output,  in  which  case  the  engineer  must  be  at  bi 
engine  during  the  entire  hoisting  period,  while  the  firemsi 
attends  to  the  boiler  and  oils  the  machinery.  At  a  sma. 
mine  where  the  output  does  not  exceed,  say,  50  tons  dail^ 
the  engineer  can  do  the  work  of  both  fireman  and  enginee 
as  in  such  cases  the  hoisting  is  more  or  less  intermitteiE 
and  no  great  loss  is  sustained  if  a  stoppage  for  5  minute 
occurs  once  in  a  while.  Under  such  conditions  the  boile 
and  engine  should  be  placed  as  near  together  as  possible,  5 
that  the  engineer  can  see  his  steam  gauge  without  making 
special  journey  to  the  boiler  to  look  at  it. 

At  the  majority  of  ore  mines,  even  when  the  shafts  ar 
deep,  or  where  there  are  several  shafts,  hoisting  is  done  witJ 
one  cage  rather  than  in  balance.  In  most  cases,  the  outpu 
is  not  large  enough  to  make  much  difference;  but  in  othe 
cases  there  is  good  reason  for  using  two  cages.  The  hoiste 
at  small  individual  hoisting  plants  is  usually  enclosed  in  s 
house  built  against  the  head-frame,  with  the  boiler  room  of 
to  one  side.  When  the  engine  is  large,  the  mine  deep,  anc 
the  head-frame  high,  the  engine  house  is  separated  from  th< 
head-frame,  and  also  from  the  boiler  house.  At  such  mine! 
the  boiler  power  is  required  for  pumps  and  air  compresson 
as  well  as  for  hoisting,  and  to  avoid  fire  risks  the  boilei 
house  should  be  separated  from  the  engine  house  anc 
head-frame. 

6.  Economy  of  Individual  Ilolstlns:  Plants. — Where 

one  cage  is  hoisted  at  a  time,  there  is  not  much  opportunity 
to  practice  economy,  at  least  from  a  mechanical  standpoint, 
except  in  the  first  cost  of  rope,  machinery,  and  apparatus. 
By  hoisting  from  a  compartment  shaft  having  two  cages, 
there  is  an  economy  in  fuel  that  may  offset  the  cost  of  addi- 
tional wear  on  the  apparatus.  Where  there  is  a  largfe  output 
the  work  is  concentrated  and  loss  of  time  is  minimized  bj 
two  cages  and  an  individual  hoist.  The  largest  mines  ar< 
equipped  with  individual  plants,  although  there  may  be  seven 
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hoisting  enifines  and  shafts.  At  anthracite  mines  and  at  the 
I  tftke  Superior  copper  mioes»  the  speed  of  hoistlDg  is  so  ^reat 
Ithatthere  is  coDsiderable  strain  on  the  engineer's  nerves, for 
[which  reason  he  is  relieved  every  few  hours. 

7i    Central    Plauts. — The    other    system    followed    in 
I  arratJSfing  the   hoisting    plant — the  central    8jstc?iii— con- 
^mi$  in  placing  a  number  of   drums   in   one   building  and 
ectinif  the  ropes  with  the  various  shafts.     This  system 
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n  especially  applicable  to  mines  where  the  output  from  the 
mllerent  shafts  is  more  or  less  irregular,  and  where  most  of 
^^  shafts  have  but  a  single  cage  or  skip,  which  works  out 
fiance.  Fig*  1  illustrates  a  plant  laid  out  on  this  line- 
are  (our  shafts,  a.byC,  and  d^  which  are  operated  by 
'Js  placed  at  <r*  One  of  the  advantages  claimed  for  this 
I  ^y'^tetn  is  that  in  case  of  fire  at  one  of  the  shaft  houses  the 
'  ^^htnery  will  not  be  destroyed^  and  work  may  be  carried  on 
'^om  iij^  other  shaft  houses.  This  is  really  no  advantage, 
4iace  the  engine  house,  or  possibly  one  of  the  shaft  houses, 
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may   catch    fire.     The   advantages   consist   in   econotnizi 
steam  by  having   the   boilers  near  the  engine,  and  in 
economy  that  always  accompanies  concentration  of  lat 

8.  Head-Frames. — The  kind  of  head-frame  used  fc 
permanent  plant  will  depend  on  whether  the  mine  shaf 
vertical  or  inclined.  In  the  former  case  the  head-framt 
placed  directly  over  the  shaft;  in  the  latter  case  it  is  pla 
some  distance  from  it,  so  as  to  conform  with  the  inclinai 
of  the  shaft  near  the  surface.  These  head-frames  are  ( 
structed  with  reference  to  the  strains  caused  by  the  enj 
pull  on  the  hoisting  rope  and  the  weight  of  the  load  and  r 
in  the  shaft.     Just  before  the  load  begins  to  move,  tl: 

forces  are  equal,  and 
direction  of  their  resul 
is  a  line  bisecting  the  ai 
between  the  two  parts  of 
rope  and  passing  through 
center  of  the  pulley  and 
center  of  gravity  of  the  h 
frame. 

In  Fig.  2,  the  engine  is  i 
ing  in  the  direction  a, 
the  combined  load,  cage, 
rope  in  the  direction  b, 
resultant  c  of  the  two  fo 
when  extended  falls  wit) 
the  center  of  gravity  of  the  frame  in  such  a  way  that 
tendency  is  to  rotate  the  frame  at  the  point  d  and  i 
the  legs  of  the  frame  at  e.  This  form  of  head-fram 
therefore   to  be  avoided  as  unstable. 

Fig.  3  shows  a  better  arrangement  for  a  head-frame 
Fig.  2,  since  there  is  a  brace  to  give  stability  to  the  1 
If  a  represents  the  line  of  pull  from  the  engine,  and  b 
line  of  pull  due  to  the  cage,  load,  and  rope,  then  c  repres 
the  resultant  of  these  two  forces,  which  falls  within  the 
angle  formed  by  the  leg  e  and  the  brace  d.  This  being  w; 
the  center  of  gravity  of  the  frame,  the  latter  has  no  tend 
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ituro  on  the  point  d.  Many  head^frarnes  are  constructed  in 
[ihis  manner.  It  is  apparent  in  Fig.  3  that  only  the  legsr  and 
liht  braces  d  are  necessary  for  this  head-frame,  since  the  front 
|kg?i  are  not  subjected  to  either  strains  or  pressure.  In  the 
le<illnws  frame  and  the  Montana  frame  the  pnlley  wheel  is  so 
I  placed  that  the  resultant  of  the  two   forces*?  and  ^  passes 

diroufh  the  brace  d.    The  two  front  legs  are  then  discarded* 
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t"«  two  legs  ^  placed  so  as  to  form  an  inverted  V^  with  the 

speinear  the  pulley  wheel,  and  the  two  braces  d  spread  at 
™  ground  and  broughl  as  near  as  possible  to  the  wheel  at 
the  top  of  the  frame.  If  the  journal-boxes  can  be  placed 
^t  tee  top  ends  of  the  braceSi  so  much  the  better;  if  they 
caunot,  then  they  should  be  placed  in  line  with  the  resultant, 
k^shown  in  Fig.  3. 

Slupe  Hetid-Frames.^ — The  head -frame  in  Fig*  4  is 
|5tippo^^^3  to  have  a  hoister  in  line  with  the  rope  a^  and  to 
*^taiii  a  skip  being  drawn  up  a  slope  by  a  rope  represented 
^  ^He  litic  h^  The  resultant  of  the  two  pulls  is  r,  which 
'  ^^  within  the  center  of  gravity  of  the  frame.  In  this  case, 
*  ^^  lot  a  brace  against  the  hoistingr  pull,  but  is  a  brace 
*2iitut  the  lowering  pulL  The  figure  is  not  a  complete 
^iQJtratioii  of  a  slope  frame:  usually,  the  cap  piece  on 
wtiicb  tbe  pnlley  wheel  rests  is  continued  to  the  left  over 
additional  posts  ranged  on  that  side*     There  is  no  danger  ot 
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such  a  head-frame  being  pulled  over,  since  the  strain  of  tbe 
load  is  always  in  the  direction  of  the  arrow  b. 


Pio.  4 

10.     Head-Frame    Construction. — The   principle 
involved  in  the  design  of  head-frames  is  to  transmit  the  ooxP" 
pressive  strains  so  that  they  will  fall  within  the  center  o^ 
gravity  of  the  structure.    If  the  working  strains  on  the  sheavc5 
can  be  transmitted  in  a  straight  line  to  the  foundation  of  the 
back  braces,  they  will  be  within  the  center  of  gravity  of  that 
structure,  and  both  rigidity  and  economy  in  material  of  con- 
struction  will   be    obtained.     It   has  been  assumed  in  the 
structure  of  head-frames  that  the  pyramid  is  the  most  stable 
form,  and  the  sheaves  have  been  so  placed  as  to  avoid  all 
the   eccentricity  possible,   firmness  being  secured  by  back 
braces  and  stiffeners.    At  first,  it  was  common  to  see  rectan- 
gular four-post  frames  with  braces;   then,  four-post  frames 
with  the  posts  spread  so  as  to  act  as  legs  and  braces  at  the 
same  time;  and,  finally,  the  gallows  frame,  consisting  of  two 
posts  and  two  back  braces  to  receive  the  compressive  strains. 

These  principles  are  well  known  among  engineers,  but 
surface  conditions  frequently  prevent  the  construction  of  the 
ideal  head-frame;  hence,  four  posts  and  braces  are  often  to 
be  seen  where  two  posts  and  braces  would  seem  to  be  all 
that  is  necessary.  The  frame  properly  belongs  to  the  foot- 
wall  side  of  the  vein,  although  in  some  instances,  owing  to 
surface  conditions,  it  is  placed  on  the  hanging-wall  side. 
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Woad^u    Heti cl -Frames.— The   posts   and    braces 

oden  bead'frairies  shouJd  be  of  sound  timber,  free 

lakes  and  knots.     If  it  is  not  possible  to 

timber  of  a  size  suitable  for  posts  and 

tea  timbers  that  united  give  a  sufficient 

^6ss-sectton  may  be  bolted  together  as 

(n  Fig.  5, 

compressive  strength  of  tiiBber  varies, 

Qost  iLXiy  first*class   timber  affords  suf- 

compressive  strength  along  the  grain  to 

&d  the  strains  placed  on  it  when  hoisting. 

igths  of  the  sticks  composing  a  head- 

ir«  usually  such  that  they  must  be  braced 

£nt  their  bending.     Thus,  in  Fig,  3,  there 

be  a  strut  for  the  brace  d,  to  act  as  a 

r.     The  heel  of  the  strut  should  come 

e  foot  of  the  post  a  ^'***  * 

jSe  there  is  difficulty  in  obtaining  timbers  suMcieotly 

Blosts  and  braces,  two  timbers  a  and  d,  Figs,  6  and  7, 


Fig.  6 

car  fed  and  held  together  by  keys  r.     Such  joints 
raced  and  strengthened  by  fish-plates  when  used  as 


I  of  a  head-frame*     The  bolted  joint  shown  in  Fig.  8 
ag  as  any  for  posts*  provided  the  stress  passes 
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uniformly  along  the  center  of  the  posts  a  and  d,  and  their 
ends  are  butted  together  flush,  and  held  by  the  fish-plates^. 


Pio.  8 

The  various  timbers  composing  a  head-frame  are  general^ 
mortised  and  tenoned,  and  then  fastened  together  with  tr&< 


Fig.  9 

nails  in  such  a  manner  as  to  form  a  solid  structure  compaf?" 
lively  free  from  vibrations  when  under  working  stresses. 
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Tlejivy  Framltigr  bsrCuttfagr  Joints. — Since  head- 

squiTe  careful  construction,  and  since  the  engine 
the  ore  bios  are  treqiiently  built  on  to  them,  the 
it  of  {ramiog  timbers  must  be  considered  here. 
t  form  of  heavy  framing  h  illustrated  in  Fig.  9.  The 
sill  timbers  a  are  secured  to  the  timbers  6  by  notchingr, 
>wo  in  the  figure,  and  by  the  use  of  drift  bolts,  in  order 
^serve  the  whole  area  of  the  timber  in  undiminished 
ffh.     The  posts  t  are  fastened  to  the  timbers  ^  by 

t tenons  aod  wooden  treenails  or  iron  pins.  The 
md  d  for  the  second  floor  are  united  by  notching 
s,  while  the  posts  /  for  the  next  story  are  secured 
and  treenails*  The 
sjf  are  sometimes  notched 
the  posts  and  sills  and 
&d  by  heel  tenons  and 
at  other  times,  they  are 
yirith  a  straining^  piece  A* 
11,  spiked  to  the  timber  frame,  {Fig*  10  illustrates  a 
I  00  the  end  of  one  of  the  braces*)  The  floorbeams  i, 
'},  may  be  notched  to  the  same  depth  as  the  sills  ^,  so 
kt  door  k  can  be  laid  on  top  of  the  floorbeams  and  the 

Sere  the  braces  do  not  extend  the  full  width  of 
y  can  be  placed  either  flush  with  the  outside  of  the 
shown,  or  centrally  on  the  timbers.  The  manner 
icing  the  braces  flush  with  the  outside,  as  illustrated, 
leadimntage  that,  whatever  form  of  siding  is  employed, 
1  be  secured  to  both  the  posts  and  the  braces,  and  will 

Ki  stiffening,'  the  building* 
eavy  Framtnic  Without  Cutting  JolntB, — 
lustrates  another  system  of  framing,  which  is  to 
extent  on  the  baOooh-frame  order,  for  it  has  no 
:id*tenon  joints  and  very  little  framing  of  any  kind, 
\t  beiitg  to  obtain  the  full  strength  of  the  timber, 
smbers  d  may  be  notched  to  a  and  secured  by  mea-ns 
>lts;  the  posts  f  may  be  slightly  notched  into  the  tini- 
secured  by  drift  bolts.     The  braces  g  are  simply 
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pieces  of  plank  cut  and  spiked  as  shown  in  the  illi 
the  pieces  h  being  spiked  against  the  posts  or  sills  a 
the  space  between  the  ends  of  the  braces.  Where  i 
beams  ni  rest  on  the  sill  a,  it  may  be  necessary 
narrower  piece  between  the  braces,  as  at  /,  or  to  sai? 
into  the  piece  /,  against  which  the  beams  and  brac< 


Pio.  11 

placed.  The  timbers  d  and  e  for  the  upper  floor  of 
are  fastened  together  and  to  the  posts  /  and  c  \ 
notching  and  drift  bolting.  In  some  cases,  no 
even  is  done,  the  posts  simply  being  sawed  off  sq 
secured  with  large  spikes  or  drift  bolts.  The  fl 
this  style  of  construction  is  laid  exactly  as  in  the 
case. 
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14,  Corbels- — ^ Where  it  is  necessary  to  join  sills  or  large 
Wkom^i  timbers  on  the  tops  of  postSi  corbels  may  be  used, 
*s  shown  in  Fig.  J2.  The  corbel  a  is  bolted  to  the  two 
timbers  ^  and  c,  and  the 

|l>ost  d  is  usnally  tenoned 

Ifeto   ihe  corbeU  while  the 

(post  €  may  have  a  wide 
noQ  and  be  secured  to  the 
liters  A  and  r-  by  means 
'  t^ro  treenails  or  pins. 


I  e 


1^  S,     Coinbtnatlon 
i«Sft.cl-Fratiies. — One    of 

<zompHcating  factors 
'^t^ringf  into  the  subject  of 
^^^frames  is  the  empty- 
Z      of   the    cars   as   they  ^^'^  *- 

>Trt^  from  the  mine.     Skips,  automatic  dumping  cages,  or 
^^ets  discharge  the  ore  in  the  head- f ram ei  and  this  neces- 
^t^s  ore  bins  for  its  storage,  and  possibly  other  arrange- 
^  ts  also  for  assorting, 

f^i3  important  consideration  in  the  design  of  a  head-frame 

*^^  height,  for,  in  most  instances,  rails,  timbers,  and  pipes 

^^st  go  through  the  shaft  into  the  mines.     Rails  are  usually 

tua^^  in  SO-foot  lengths;  only  specially  made  rails  come  in 

;™^^ller  lengths.     Steam  or  air  pipes  2  inches  in  diameter 

^^age  about  18  feet  in  length:  hence,  they  do  not  need  to 

^-^ken  into  account  so  much  as  do  the  mine  rails;   but  the 

^S'bt  of  the  head-frame  above  the  landing  platform  must 

^.t  least  enough  to  permit  the  handling  of  pipes  of  this 

*^^  is  good  policy,  whenever  surface  conditions  will  permit, 

^lace  a  combination  boiler   and  engine   house  at  least 

ct  away  from  the  head-frame,  so  that  in  case  of  fire  both 

^ifigs  need  not  be  jeopardized*     At  large  plants  where 

tnfere  are  several  boilers  in  use,  the  boiler  house  should  be 

\^*l^l>etident  of  the  head- frame,  which  may  then  include  the 

*^ltiiie  bouse.    Where   the   head* frame,  ore  bins,  picking 
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tables,    and    engiae 
under  one  tooU  and 
roof  is  over  or  in  cU 
proximity   to   the   %h 
there  should  be  two  (>i 
lets  to  the  mine,  so  as 
aflford  a  means  of  e^otj 
for  the  miners  in  case 
fire    in    the    head-frain^ 
The  laws  of  some  stati 
compel  m in i n g  compani c§ 
to  have  two  openings  w^ 
their  mines. 


16,     ludeiiendeiitj 
If  OHd-Framee.  —  Where 
the  loaded  mine  cars  aiie| 
hoisted  fro^m  the  minet  it! 
is  possible  to  so  arratigtt 
things  that  the  ore  may  I 
be    trammed   directly  to] 
the  ore  bins  or  mill.    In 
such  cases,   head-framel 
may  be  independent  of  or^ 
bins,  the  mills  or  sbippis 
!!iiaiiDns  instead  beioi 
supplied  with  them.     Tc 
the  extreme  ri^ht  and  lef| 
of    Fig,   13    shaft   heac 
houses  a  are  shown  to 
connected  by  a  trestle 
with   the   mill  ^.     Tbr 
independent  head -frame 
have  their  own  hoistioi 
engines  p    and    when 
cars  are  broui^ht  out  of  it 
mines  they  are  trammed 
over  the  trestle  €  to  the 
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iriJlX  and  their  loads  dumped.     This  illustration  is  taken  from 
a  t^^notoerapli  of  a  zinc  plant  io   the  Joplin,  Missouri,  dis- 
trict ^.    The  waste* rock  dump  is  shown  at  d  and  an  ore  pile 
al    ^^l  the  tower  at  /  cod  tains  a  bucket  elevator  for  raising 
lH^ lings   (rom    the    miU   and  carrying    tliem   out   over  the 
^p^tle  g  to    the    dump.     The    tailings    are    automatically 
fi^s^'^Tiped,  as  shown  by  the  white  pile  /  at  the  back  of  the 
^i^^Ct  bead-house  on  the  left.     There  is  a  settling  pond  m  in 

[foreground,  the  water  being  used  over  again  after  passing 
ough  the  mill* 
I 
i 
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CONSTRUCTION  OF  INDIVIDUAL  PLANTS 

LOADING  AND   UNLOADING  FIXTURES 

17.  Fig.  14  shows  a  section  of  an  individual  plants  with 
[«  gillows  head-frame  a,  shaft  ^,  pumping  engine  c^  hoisting 
[eogtzie  d^  and  boiler  e^  all  under  one  roof-  This  plan  is  not 
^ood.  since  tlie  house  covers  the  shaft  to  no  purpose.  If  the 
[tmilding  had  been  cut  off  at  the  line  x  j,  the  lumber  and  con- 
^struction  bill  would  have  been  reduced  one-half  and  the 
danger  to  the  miners  from  fire  minimized;  besides,  better 
irecitilation  would  be  had  In  the  mines.  Such  little  covering 
:ld  be  needed  at  the  bead-frame  for  the  top  landings  is 
cant  in  comparison  with  this  housing.  Fig*  14  is 
uetided  to  show  the  various  important  parts  of  an  ore  plant; 
lerc  \%  no  good  reason  why  the  pump- bob  and  head-frame 
ihould  be  housed* 

18«  Fig*  15  shows  an  individual  plant  that  is  at  the  same 
line  a  combination  plant  and  assorting  house.  The  illustra- 
ioB  is  taken  from  a  photograph  of  a  large  gold  mine  io 
>uth  Africa.  It  will  be  noticed  that  the  buildings  are  situ- 
Itcd  well  back  from  the  mine  mouth  and  that  the  skip  a 
rt'"*"-  automatically  into  an  ore  chute  ^.  The  waste  rock  is 
ed  from  the  ore  and  both  are  trammed  from  the  build- 
ig,  the  former  going  to  the  dump  and  the  latter  to  the  stamp 
ij)l.     The  arraogements  at  this  mine*  owing  to  the  contour 
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of  the  ground,  are  particularly  good.  Every  opportimiiy  to 
take  advantage  of  irregularity  of  surface  should  betnac^eik 
most  of.  After  the  skip  a  has  dumped  its  load  automati.  ^ 
into  the  ore  bin,  the  fine  is  separated  from  the  coarse  ore  acd 
rock,  and  the  latter  is  conducted  to  the  crushers t  then  to 
the  picking  tables,  and  so  on  to  the  bins,  from  which  \^^ 
material  is  loaded  into  the  cars  goin^  to  the  milL 
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19.  Head-Fro  me  and  Ore  Bin. —Fig:.  16  shows  the 
head-house  at  an  iron- ore  mine.  The  slope  mine  has  a  skip 
road  a,  up  which  the  skip  runs  to  the  atilomaiic  dumping 
arrangement  ^*  At  b  the  skip  dumps  its  load  on  to  a  picking 
table,  where  the  poor  ore  and  rook  is  separated  from  th* 
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it  possible  to  fight  fire  in  the  shaft,  and,  as  the  engine 
is  of  brick,  there  is  little  danger  to  machinery,  head-frame, o 
men.  This  style  of  head-frame  is  becoming  quite  commo 
at  large  mines,  on  account  of  its  safety,  strength,  and  dur 
bility.  If,  however,  the  sheave-wheel  boxes  had  been  plao 
directly  on  the  ends  of  the  back  braces,  it  would  have  be 
better.  There  being  but  two  light  posts,  much  less  mater 
is  used  than  in  most  steel  head-frames. 

Fig.  19  shows  a  steel  head-frame  constructed  at  one 
the  deeper  mines  in  South  Africa.  Two  cages  are  u« 
for  hoisting  mine  cars,  the  ore  being  trammed  from  I 
shaft  to  the  mill  in  the  same  cars  that  bring  it  from  I 
mines.  The  sheave  wheels  are  placed  in  the  proper  pc 
tion,  but  the  object  to  be  attained  by  having  four  posts 
not  clear.  The  weight  and  stability  of  such  head-fran" 
permit  rapid  hoisting,  while  the  fact  that  they  are  r 
enclosed  at  the  surface  allows  a  free  circulation  of  air  i 
ventilating  purposes.  The  construction  of  this  head-frat 
is  similar  to  that  of  the  Montana  head-frames,  as  they  a 
called  in  the  western  parts  of  the  United  States;  they  corabi 
maximum  strength  with  minimum  structural  material  wh 
the  posts  and  legs  are  properly  spread  at  the  base  and  focust 
at  the  sheave  wheels. 

^2.     Slioave  Wheels.      Sheave  wheels  are  either  loo 

or  keyed.     Where  the  hoisting  rope  is  wound  on  a  drum,t] 

heave  wheel  must  have  a  small  fleeting  movement  on  i 

le  in  order  to  keep  in  line  with  the  coil  on  the  drum 

[-1      much  as    possible,  and  thus    preve 

undue   wear  and  riding  of   the  rop 

The  method  of  fastening  such  shea^ 

wheels    to    head-frames    is    shown 

Fig.  20.     The  two  stringers  a,  whi< 

_^jD  carry  the  wheel  and  axle,  are  provid< 

niAW-blocks  bl  the  axle  is  provided  with  collars  c  to  pr 

^'*'*  >«!  working  out  of  the  boxes.    While  the  hub  of  tl 

^7 ^  ^j  (lie  axle,  the  axle  turns  in  the  boxes,  by  th 

.  friction.    The  keyed  wheel,  however,  cente 
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over  the  shaft  at  all  times,  and  turns  with  the  axle.  It  is 
mounted  on  the  head-frame  in  a  similar  manner,  the  only  dif- 
ference being  that  the  stringers  a  are  placed  nearer  the  wheel. 
Incase  a  keyed  sheave  wheel  is  used,  the  drum  must  be  placed 
some  distance  away  from  the  sheave  to  prevent  the  rope  from 
riding  and  avoid  excessive  friction.  Sometimes,  fleet  wheels 
are  placed  between  the  drum  and  the  sheave,  to  prevent  sag- 
V^%  and  reduce  the  tendency  of  the  rope  to  ride  when 
winding  on  the  drum.  At  many  plants,  flat  ropes  with  reels 
centered  on  fixed  sheaves,  as  at  d.  Fig.  14,  are  used  in 
preference  to  the  round  rope  and  loose  pulleys. 


Fig.  21 


^3. 


Dumping  Skips. — It  is  usual  to  adopt  some  system 


automatic  dumping  where  skips  and  buckets  are  used  for 
sting.     One  of  the  best  arrangements  for  slope  skips  is 


of 

^t  shown  in  Fig.  21.  The  rear  axle  of  the  skip  is  extended 
.    ^ew  inches  as  shown,  so  that  it  will  run  along  the  angle 

^n  h  while  the  front  wheels  of  the  skip  follow  the  curved 
^^ck  a,  which  is  a  continuation  of  the  slope   track.     This 
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raises  the  rear  of  the  skip  and  lowers  the  front  end,  thus 
giving  an  angle  sufficiently  great  to  permit  the  ore  to 
slide  out. 

24.  Bucket  Dumps. — Self-dumping  buckets  have  not 
come  into  very  general  use,  but  several  patented  arrange- 
ments have  proved  satisfactory,  and  will,  therefore,  be 
described  here.  The  automatic  dumping  device  shown  in 
Fig.  22  has  a  frame  with  a  track  a,  on  which  travels  a 
trolley  h  carrying  the  hoisting  sheave.  When  the  buckets 
coming  from  the  shaft  d  reaches  the  proper  position,  the 
carriage  moves  up  the  inclined  track  to  the  position  shown 


Fig.  22 


by  the  dotted  lines,  where  it  is  stopped  by  the  hook  e.  Then 
an  arranj^ement  on  the  post  /engages  the  chain  g  hanging 
from  the  bottom  of  the  bucket  c.  This  having  been  done, 
the  rope  is  slacked  and  the  bucket  discharges  by  turning 
upside  down.  When  the  bucket  is  empty,  the  hoist  pulls  it 
up  until  it  reaches  the  trolley,  when  the  hook  e  is  released 
and  the  bucket  and  trolley  move  down  the  incline  until  the 
curv^ed-rail  stop  //  arrests  the  trolley,  and  the  bucket  goes 
down  the  shaft. 

25.  Automatic  Bucket  Duinpor. — Fig.  23  is  a  per- 
spectiv^e  view  of  a  patented  dump.  The  bucket  a,  after  it 
leaves  the  shaft,  moves  up  the  hinged  skids  h  until  it  reaches 
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from  which  ore  is  shipped  to  mills;  but  where  large  qim*^ 
lilies  of  ore  are  handled*  the  arrangemenls  are  mtich  it^^'^^^ 
elaboratei  and  include  picking  tables  or  belts»  for  t'^* 
should  never  be   shipped  any  great  distance  frotn  a  mioc* 

27#     Ore-PlcklnfiT  Arrauf^euients. — The  proper  pU*^  | 
10  dress  ore  for  subsequent  treatment  is  at  the  mine,  sit^*^* 
every  pound  of  rock  shipped  adds  to  the  handling  and  tr^^^ 
portation  char^fes.    Fig.  25  shows  arrangements  for  handl^^J 
ore  previous  to  shipment  and  for  the  disposal  of  waste  r<^* 


K^^t^ili 


^  i  i  €i 


ym. 


*^^r. 


Pick.  ^ 

The  head-tfear  a  is  shown  at  the  top  of  the  head-frame.  The 
fine  and  coarse  ore  coming  from  the  oiiiie  is  separated  by* 
griiily.  the  fine  going  to  a  picking  belt  and  the  coarse  fcQ 
A  rock  crufiher  situated  in  the  building  e*  Both  fine  and 
ennTiie  lire  eventually  reach  the  picking  belt — which  is. 
travcUtig  belt— which  should  not  move  faster  than  45  i:- 
Uilinite*  The  belt  is  housed  in  the  structure  d  that  coniu:cU_ 
tilt)  vire  bins  A  with  the  crusher  house  r*  As  the  '  ' 
liiiMi  «  It*  A  the  nre  tt  carries  is  h;md-sorted,  the  t< 
itui  bfsinu  thrown  into  rock  chutes*  which  deliver  M 
tl^r«i)»cir  €aii\n^yer  t  that  carries  it  to  the  rock  dump. 
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b8,    Flokln^  Belts* — Where  ore  is  assorted  for  ship- 

iJitt  it  may  Dot  always  be  economical  to  install  a  picking 
K  ia  which  case  picking  tables  are  reqxiired;  but  where 
fe  are  large  quantities  of  ore  to  be  assorted  belts  should 
provided.  The  picking  belt  is  shown  in  Fig.  26.  It  is 
a  new  idea.  It  was  adopted  in  1876  at  ore-concentrating: 
stnelting  works  in  Lake  City,  Colorado,  where  it  was 
lied  as   a  conveyer  and  automatic   feeder  of  ore   to 


..---^T 


thing  rolls;  and  in  this  capacity  its  further  value  as  an 
^rimg  or  picking  belt  was  developed*  It  is  only  in  recent 
rs  that  its  value  as  a  means  for  assorting  and  conveying^ 
lias  been  fully  established.  The  ore  as  it  is  carried 
g  15  cobbed  with  a  hand  hammer  on  the  belt.  One  of 
le  belts  is  said  to  have  conveyed  350*000  tons  of  heavy 
laUtfie  ore^  in  pieces  about  3  inches  in  diameter ♦  at  the 
Qklin^  New  JerHey»  zinc  mines.  By  careful  hand  picking 
i  ore  has  been  increased  26  per  cent. — a  matter 
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.1.  .L*  -.mijortance,  since,   if  ore  transportation 
M'   A  ill  be  saved  on  every  4  tons  shipped.     - 
■:ic    Tcrreira  Gold  Mining  Company,  in  Son 
1..1C  ot  the  ore  as  it  comes  from  the  mine 
..   .L^>ortnient,  it  is  worth  $25.78,  the  increase 
-^'ftini:  being  $8.61.     The   increase  in  val* 
*t  jcuts  per  ton  in  the  waste  rock,  although  il 
x;  ^.Liit.  of  the  ore  mined.     The  saving  here 
.  ic  increase  of  values,  but  in  the  stamp  mill,  f 
..  -.car  on  the  machinery  diminishes  in  proportic 
..oLi  in  the  quantity  of  barren  material  stampe 


vAi.NSTRrCTION  OF  BUIIiDINGS 

•  u;i«liiiK     Specifications.  —  The     planning    an 

niiUIing  construction  are  among  the  dutic 

^  w*;ij:inoer.     Building  plans  and  specificatior 

...    \    ■:    ihe   cost   of   construction    is    to    be  est 

■  UN    having    been    determined,    the    questic 

u;    '.he  mine  will  be  benefited  by  them  to  a 

^  v.. I    to    insure    the  recovery  of  the  cost  wit 

•aw    up  specifications,   one   must  know  t? 

.     \..  JiMii  material  delivered,  the  cost  of  labo 

i^ul^Miory.  and   also  the  time  necessary  fi 

'■■K-  Ivst  way  to  estimate  the  cost  of  buil< 

.   ...  »:.•  uuu:  if  a  building  of  known  dimensior 

K  ..::>  v^'osts  a  certain  amount  per  cubic  foo 

.'.    V  Mkcii  for  the  cost  of  a  similar  buildini 

.   >.'i!.i!Ior. 

^   I'.K'  cost  of  buildings,  the  labor  should  m 
K.  .c-ii    v»t  the  cost  of  materials.     This  rule  wi 
.    ..'Ni'.ict.  whether  the  labor  there   is  cheap  < 
^c    ...i»*.'i!als  will  correspond  in  price. 

^^.•-oiii>.      rho    cost    of    masonry    ia    particular 

,.    -.lie  in  a  new  country,  for  at  times,  even  wi 

.     ;...i  lies  near  by,  it  may  be  economy  to  impo 

'.  v.^'*    u»ni  a  distance.     Masonry  should  not  excei 
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tlO  per  cnbic  yard,  and.  from  that  price  it  can  be  made  to 

taper  down  to  $1.50.  In  some  instances,  stone  can  be 
parried  and  delivered  to  masons  for  75  cents  per  cubic 
y»d,  aud  when  such  favorable  circumstances  exist  masonry 
should  EOl  cost  more  than  $L50.  But  this  is  exceptional. 
The  usual  figure  for  good  cement-mortar  wall,  pointed  and 
*tll  bound,  is  about  $2.*50  per  cubic  yard*  The  stones  for 
tnbe  buildings  are  not  usually  dressed,  but  are  faced  and 
split  by  the  mason  that  lays'them. 

**U    Foundntlon  Wal]». — Masonry  at  mines  is  confined 

ustially  to  foundation  walls  and  engine  beds,  although  sorae- 
tocs  it  may  have  a  rather  wider  scope*     A  good  rule  to 
Mbw  when  constructing  foundation  walls  for  heavy  build- 
^H^  is  to  give  the  wall  plenty  of  binding  material,  composed 
of  two-thirds  cement  and  one-third  sharp  quartz  sand,  and  to 
''^vc  all  spaces  filled  with  spalls   and  thoroughly   grouted. 
"waders  and    corner  stones    should    be   properly   laid    to 
^tr^n^hen  the  bond,  and  course  joints  should  be  properly 
^f>ken.     The  batter  generally  given   to  such  walls  varies 
from  i  inch  to  1  i  inches  per  foot,  from  the  surface  up,  and 
rtile  foundation  wails  should  go  to  bed  rock,  ii  is  not  neces- 
sary to  batter  them  below  the  surface,  unless  it  is  desired  to 
gifc  thets  an    extra  wide    base*     A   firm    foundation    wall 
^top  ^s  less  than  20  inches  wide  cannot  readily  be  con- 
oi  rough  stone,  especially  if   it  must   carry  heavy 
Sintciures  subject  to  more  or  less  vibratioUi  as  mine  build* 
ings  must  necessarily  be.     When  the  structures  are  placed 
>n  side  bin^«  the  foundation  walls  answer  also  as  retaining 
walls  lo  keep  the  earth  from  sliding, 

32#     RetatiiliifT  Walls.— The  usual  form  of  a  retaining 
^all  is  shown  in  Fig.  2T.     There  is  no  fixed  rule  for  deter- 
lining  the  dimensions  of  retaining  walls »  but  the  one  given 
below  will  probably  meet  every  requirement. 

BtiU?. —  IV^at  the  backing  is  (oosr,  a  wail  of  /irsi-c/ass  largt 
fi&ms  /aid  in  mortar  shmiifl  have  a  base  C  P  equal  io  oneihird 
i/f  virticAi  height  D  B,    A  wail  oi  hrieks  laid  in  mortar  shauld 
kase  of  two-iiithsi  its  tferiical  heights 
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Retaining  walls  should  have  firm,  wide  foundations.  These 
are  made  wider  at  the  base  than  the  walls  themselves  and  are 
continued  up  to  the  ground  level,  as  shown  at  CG.  The 
retaining  wall  is  built  at  a  distance  GF  back  from  the  face 
of  the  foundation  and  given  a  batter  of  about  li  inches  to 
the  foot  from  the  base  to  the  top.  The  object  of  this  con- 
struction is  to  allow  the  rain  water  to  drain  away  from  the 
foundation.     In  case  the  walls  are  built  against  rock,  they 


Fig.  27 

should    be  well    backed  with   loose    stones;    and   in  those 
instances  where  the  rocks  carry  water,  all  spaces  should  be 
filled  with  cement  to  hold  back  the  water,  or  a  drain  should 
be  made  to  carry  the  water  away  from  the  masonry.    Tb^ 
latter  plan  will  probably  be  better  when  the  wall  is  at  tb^ 
foot  of  a  hill,  or  where  the  pressure  against  the  wall  is  likelf 
to   be   considerable.     If   there   are    other   channels    for  th^ 
water  to  escape — a  matter  easily  determined  by  an  examine' 
tion  of  the  strata — it  will  not  make  much  difference  if  th^ 
backing  is  not  water-tight. 

33.  CcMuent. — Concrete  walls  are  widely  used  for  foun^ 
dations,  retaining  walls,  and  other  purposes,  where  it  ha9 
been  the  custom  in  former  years  to  use  stone  or  brick 
masonry.  The  proportion  of  cement  to  broken  stone  and 
sand  in  concrete  varies  according  to  the  strength  demanded 
by  the  engineer.     A  strong  retaining  wall  may  be  constructed 
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of  concrete  composed  of  broken  stone  that  will  pass  throug:h 
rings  li  inches  in  diameter  and  over  1-inch  rings,  2  parts  of 
clean  sharp  quartz  sand,  and  1  part  of  hydraulic  cement. 

For  especially  strong  walls,  use  smaller  stones  and  more 
cement;  for  example,  3  parts  broken  stone  i  inch  in  diam- 
eter, 2  parts  quartz  sand,  and  1  part  cement.  The  stone 
should  be  quartzite,  granite,  good  sandstone,  or  some  other 
kind  of  stone  largely  composed  of  quartz,  since  some  chem- 
ical action  takes  place  between  quartz  and  cement. 

Two  kinds  of  hydraulic  cement  are  used,  one  known  as 
natural-rock  cement  and  the  other  as  Portland  cement.  Natural- 
rock  cement  contains  silica,  lime,  magnesia,  iron  oxide,  and 
alumina  in  such  proportions  that,  when  burned,  slagged,  and . 
Found  fine,  it  will  produce  a  cement  that  will  harden  under 
water.  The  natural  cement  most  in  use  is  known  as  Rosen- 
^le  cement,  and  comes  from  a  place  near  Rondout,  New 
York,  on  the  Hudson  River. 

Portland   cement   is    an    artificial    product   composed   of 

inaterials  proportioned  to  furnish  a  slag  that,  when  ground 

fine,  produces  a  more  uniform  hydraulic  cement  than  the 

natural-rock  cement.     It  appears  from  experiments  that  the 

'     finer  the  cement  is  pulverized  the  better  it  becomes. 

Hydraulic  mortar  is  composed  of  1  part  clean  sharp  sand 
and  2  parts  Portland  cement. 

Cement  mortar  is  composed  of  3  parts  sand  and  1  part 
Portland  cement. 

^^^  Concrete. — One-three-six  is  the  general  term  given 
to  concrete  for  mine  portals,  tunnel  linings,  and  foundations; 
't  consists  of  1  part  of  cement,  3  parts  of  sharp  silica  sand, 
^^  6  parts  of  broken  stone  from  i  inch  to  I3  inches  in 
aiameter.  These  materials  are  to  be  thoroughly  mixed 
^th  suflScient  water  to  make  a  thin  composition,  and  then 
rammed  into  place  in  layers  until'  the  mud  accumulates  on 
the  upper  surface  of  the  concrete.  Boxes,  centers,  and  forms 
of  the  size  of  the  desired  wall  are  constructed,  and  into  these 
^cpeen  concrete  is  dumped  and  rammed  in  courses.  After 
the  concrete  has  set  or  hardened,  the  boxes  are  removed 
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and  the  wall  is  complete.  If  the  material  has  not  been  thor- 
oughly tamped  so  as  to  force  the  sand  and  cement  into  all  1 
the  spaces,  cavities  will  show  in  the  concrete  at  the  sides, 
and  therefore  similar  cavities  may  be  expected  in  the  wall  as 
well.  In  order  to  avoid  this  and  allow  the  air  to  escape, » 
spade  should  be  thrust  into  the  concrete  and  worked  uo^^ 
all  the  air  is  out;  this  should  be  done  after  the  first  a^^ 
before  the  second  tamping. 


35. 


Guarding  Against  Frost. — In  places  where  fre^^ 
ing  is  likely  to  occur,  the  back  of  the  wall  should  ^ 
sloped,  as  shown  at  a  by  Fig.  28,  and  smoothly  ff^ 
ished  to  lessen  the  hold  of  the  frost,  which  otherwf  ^ 
might  displace  the  masonry.  The  foot  of  the  slop^  ' 
should  be  at  the  frost  line,  usually  about  2  feetbelo^ 
the  surface  in  moderate  climates  and  from  4  to  6  fe^' 
in  climates  as  far  north  as  the  45th  parallel  of  lati' 
High  altitudes  will  also  affect  the  frost  line. 

36.  stability  of  Retaining  Walls. — Having  propor- 
tioned a  retaining  wall  by  the  rule  given  in  Art.  32,  its 
stability  may  be  increased  by  stepping  it,  as  shown  in  Fig.  29, 
without  adding  to  the  volume  of  the' masonry.  The  offsets 
are  determined  as  follows:  Through  ^, 
the  middle  point  of  the  back,  draw  any 
line  fg.  From  /  erect  the  perpendicu- 
lar ///;  divide^//  into  any  even  number 
of  parts,  in  this  instance  four,  and  through 
these  points  draw  division  lines  parallel 
to  ///.  Next,  divide  ///  into  one  greater 
number  of  equal  parts  than  gh,  and 
through  these  points  of  division  draw 
lines  at  right  angles  to  ///,  forming  the 
offsets  shown  in  the  figure.  By  increas-  ' 
ing  the  thickness  of  the  wall  at  the  base, 
the  center  of  gravity  is  lowered  and  the  stability  const 
quently  increased.  The  backing  included  between  the  line 
gh  and  ///  exerts  only  vertical  pressure  against  the  offsets 
which  tends  greatly  to  prevent  the  overturning  of  the  wall 
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FRAMII^G  TIMBER  BTHUCTURKS 

37.    Trestles,— As  most  mines  require  railroad  trades, 

and  as  it  is  frequently  necessary  to  construct  trestles*  leading 

Hther  to  bins  or  to  dumps,  during  the  regular  CDnsiniction  of 

any  TRint  railroad,  illustrations  are  given  for  forming  some 

simple  forms  of  trestles.     Fig.  30  (a)  shows  a  trestle  bent 

Complete.     The  lower  member  is  the  sill,  the  two  side  mem* 

bers    are  the  braces,  the  two  center  pieces  are  the  posts  or 

%s,   and  the  top  horizontal  timber  is  the  cap.     Fig,  30  {&} 

slio\v^s  another  bent  with  cross-braces  (numbered  19);  these 

^f^  ui.£ed  on  pile  bents  or  bents  having  lon^^  posts-     Fig.  30  (<r) 

SQoi^rs  the  cap  and    legs  of   two    bents   surmounted   by  a 

stritM.  ^[er,  and  the  legs  of  the  two  bents  joined  by  a  tie-piece  8> 


m 
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"*^  ^^.  31  shows  the  various  parts  of  a  trestle:  3  is  the  cap 

piec^^     notched  at  5  for  the  brace  and  notched  and  mortised 

at  5     ^^j.  |]jg  igg,  ^Q^  i  is  a  cross-tie  notched  for  the  four 

stnn  ^»ers  IS  that  rest  on  the  cap  piece.     It  will  be  noticed 

that  t  -^o  of  the  stringers  are  notched  to  cover  the  cap,  and  that 

two     ^fg  notched  so  as  to  cover  only  half  the  cap*     In  the 

am^    way,  the  jack-stringers  7  are  notched »  at  5,  the  object 

■  S  to  break  joints.     The  rail  guard  6  is  notched  to  fit  over 

"^^^ OSS-ties  4  and  prevent  a  car,  if  it  should  happen  to  jump 

'^^»^ck,  from  going  off  the  trestle.     The  packing-block  11 

i*  listened  to  the  stringer   !H  by  packing-bolts  or  ship's 

spik^jj  12,  with  the  object  of  keeping  two  adjacent  stringers 

iti  line,  as  shown  in  Fig.  39.     IS  is  a  round  brace  and  14  a 

t0un<3  leg  for  a  pile  bent*     15  is  a  squared  leg  tenoned  at  20 

io!  the  mortise  9  in  the  cap,  and  also  bored  for  a  treenalL 

W  is  a  brace  tenoned  at  20  and  mitered  to  fit  the  dap  5  in  the 

lW-13 
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cap.  11  is  a  sill,  resting  on  a  mud-sill  10  to  keep  it  from  the 
ground  and  prevent  it  from  decaying.  Sills  are  dapped  as 
at  5  for  the  brace  16  and  generally  mortised  for  the  leg;  the 
mortise  is  not  shown  in  the  figure,  but  is  similar  to  ^. 
treenails  being  used  as  in  the  caps. 


Fig.  31 

38.  Pile  Trestles. — Fig.  30  {b)  is  a  trestle  constructed 
of  piles  driven  into  the  earth.  Fig.  31  shows  the  angles  at 
which  the  piles  iV  and  li  are  driven  to  form  the  legs  and  the 
braces.  In  case  the  trestle  is  not  a  high  one,  the  piles  may 
be  driven  straight,  but  batter  braces  are  considered  better  in 
every  case. 

The  caps  for  pile  bents  are  usually  of  sawed  timber,  and  the 
piles  are  tenoned  at  the  upper  end,  as  shown  in  Fig.  32  (a), 
to  fit  mortises  in  the  cap.  When  this  method  of  securing 
caps  is  used,  a  hole  is  drilled  for  a  treenail  through  the 
cheeks  of  the  mortise  in  the  cap  and  through  the  tenon.  It 
is  well  to  have  the  holes  in  the  cheeks  of  the  mortise  so 
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plactd  that  when  the  pin  is  driven  through  two  holes  it  will 
t^d  to  draw  the  cap  down  on  to  the  top  of  the  pile.     The 
Pio  used  for  this  purpose  is  called  a  treetmil^ 
^d  sliould  be  made  of  hard  wood,  such  as 
w«st  or   hickory,    if   possible*   and    slightly 
tapered,  as  shown  in  Fig.  32  ib).     In  most 
fitting  districts  of  the  western  parts  of  the 
^'iiled  Slates^  the  hard  woods  mentioned  must 
7^  shipped  from  distant  localities  at  a  cost  that 
**  l>ractically  prohibitive;  consequently,  it  is  cus- 
i<irnary  to  use  for  treenails  the  strongest  and 
^^^stendming  wood  to  be  found  in  the  locality* 
**  Colorado*  the  preference  is  gfiven  to  red  hem-      ']— i»^— ^ 
'^k  or  red  pine,  rather  than  to  fir  and  white  ^^ 

'^^^e,  for  both  treenails  and  heavy  construction  fjo.r 

^*ork.    Sometimes  the  caps  are  not  mortised  and  tenoned 

on  the  piles,  but  are 
secured  by  means  of 
drift  bolts,  as  shown 
in  Fig.  33,  or  by 
means  of  dowels,  as 
shown  in  Fig.  34. 


y 


39*     Spltt  Cap». 

Another  arrangement 

'''^  •  ^*^  **  for  pile-beot  caps  is 

_showQ  in  Fig-  35,     This  is  called  the  spHi  €ap,  as,  in  place  of 

sine  ooe  W  x  W^  timber,  two  4"  x  10" 

imbers  are  employed,  and  the  top  of  the  post 

cut  m  shown  in  the  figure.    The  timbers 

tao  be  seen  at  a  and  ^,  while  <!■  is  a  tenoii. 

■the  ftill  width  of  the  post,  that  is  allowed  to 

project  up  between  the  timbers*    No  notches 

are  cut  to  the  timbers  where  they  rest  an  the 

secured  in  place  by 
asses  through  botli 


ibers  acd  the  teaoa.    This  framing  can  be 


Pta.m 


iih  either  sqtiared  or  touod  posts,  andi  on  account  of 
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Fig.  36 


the  smaller  size  of  the  cap  pieces,  it  is  possible,  in  som  ^ 
cases,  to  obtain  better  timber.  Repairs,  also,  can  be  mat  ^ 
with  greater  ease  than  where  caps  are  mortised  and  tenonc^^ 
or  fastened  with  drift  bolts  to  the  tops  of  the  posts,  for  eithe^^=r 
of  the  caps  can  be  removed  and  replaced  without  interfenr^^- 
ing  with  traffic,  and  without  cutting  any  portion  of  th-^* 
timber  work. 

40.     Framed  Bents. — Where  it  is  not  necessary  to  driv^^ 
piles  to  form  pile  bents,  framed  bents  are  used.    Fig.  3^ 

shows  a  framed  bent  in  whid^ 
all  the  timbers  are  secured  W 
means  of  drift  bolts. 

4 1 .    Foundations  for  Sills. 

The  sill  of  the  bent  should  al- 
3  ways  be  placed  on  some  fom 

of  foundation.  This  may  be 
composed  of  timber  mud-sills,  as  shown  at  10,  Fig.  31,  but 
it  is  better  practice  to  construct  stone  or  masonry  walls  under 
the  sills  and  to  see  that  the  latter  are  well  bedded.  When 
masonry  is  used  as  a  foundation  for  sills,  care  should  be  taken 
to  see  that  the  stones  are  well  laid;  it  is  never  good  practice 
to  construct  these  foundations  of  rounded  stones  laid  up  like 
rubble  work,  for  the  constant  passage  of  trains  over  the  trestle 
is  liable  to  break  up  such  a  foundation.  The  use  of  round 
stones  for  any  masonry  work  on  which  pressure  will  fall  is 
to  be  avoided.  If  regular  masonry  is  out  of  the  question, 
concrete  may  be  used  to  advantage. 

42.     IMacinj^  Timbers.— The 

batter  braces   for    trestles   should 

have  a  uniform  angle  of  8  inches 

per   foot.     Fig.  37   illustrates   the 

method  of  framing  at  the  foot  of 

the    batter    braces    and    posts    in  ^*°-  ^ 

framed  bents,  and  also  shows  a  drainage  hole  bored  in  such 

a  manner  that  any  water  collecting  under  the  jointing  will 

immediately  flow  out  through  the  drain  and  thus  reduce  the 

tendency  that  timbers  have  to  rot.     It  is  well  to  remembefv 
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connection  with  trestle  work,  that  green  oak  timbers  or 
^t  oak  timbers  spiked  or  boUed  with  iron  soon  decay  about 
^^  iron.     Fig,  38  shows  the  method  of 
Mortising  and  tenoning  the  legs  to  sills* 

43.    lUuBtrntloiJ  of  ti  Frurneil  Bent^ 

ie/39  ii  a  dimensioned  drawing  show- 
'^a  timber  bent  as  used  on  one  line  of 
|*^ilfoad.    The  gauge  of  the  track  is  stand- 
^4*  that   is»   4  feel  8i  inches,  and  the 
^Vtuensions  on  the  drawing  fully  explain  the  various  parts. 
^n  the  right,  the  bent  rests  on  piles,  while  on  the  left  it  rests 
Cwi  rpck  foundations, 

>^^ d'-sf- — - — 4 


Pto,  m 


eW^s' 


/^^l(/^Jf/< 


'a^mmis 


3    iMMf2' 


44.     ElBvatloti  cif  Oater  HntL-^'WlMftt  the  trr^TJc  ^.ummn 
At  a  car\'a  in  a  railroad  tnck,  if  it  te  iJUmded  tjtat  tbe  cert 
I  should  move  over  it  at  a&r  coniideraMfl  ipftd^  it  ii  MCM#jfriY 
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that  the  outer  rail  shall  be  elevated.  This  may  be 
plished  by  wedge  blocks  placed  on  the  top  of  the 
under  the  stringers;  usually,  however,  the  cross-ties 
wedge-shaped  to  give  the  desired  elevation,  as  t 
makes  a  firmer  track. 

45.  Ideal  Trestle  Construction. — Fig.  40  s 
end  and  a  side  elevation  of  a  trestle.  The  stringe 
the  braces  b  are  of  Georgia  pine;  the  caps  c  and  sills 
white  oak;  the  posts  e  are  of  red  cypress.  This  con 
of  timbers  is  for  the  purpose  of  economy;  white  oak 
expensive  than  yellow  pine,  but  it  is  better  able 


— ^ 


Fig.  40 

pressure  across  the  fibers.  Stringers  of  yellow  pin 
obtained  more  readily  than  oak,  and  resist  endwise 
better,  besides  having  a  greater  modulus  of  elastici 
cypress  posts  are  durable  and  possess  sufficient 
for  such  purposes.  The  stringers,  being  the  most  ii 
part  of  the  structure,  should  be  deepened  and  incr 
number  if  the  bents  are  to  be  more  than  12  feet  apa 
heavy  trains  are  to  pass  over  them.  Because  of  the 
the  legs  are  mortised  and  tenoned  into  cap  and  s; 
guard-rails  g  are  notched  to  fit  the  cross-ties;  and  tc 
any  chance  of  the  cross-ties  /  spreading,  every  oth 
bolted  to  the  guard-rail. 
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OKE  BIN8 
♦Gi     ConstTnctton  of  Ore  Bin**, — Ore  bins  have  a  two* 
fold  object:  they  afford  a  place 
for  the  storage  of  ore  umil  it 
can  be  shipped^  and  they  fur* 
isb  a  place  where  ore  can  be 
ioited  and  picked  over  in  day* 
Zht  as  It   comes  from  the 
ttiine.    Heavy,  squared  tim- 
bers are  used  in  the  construc- 
tioo   of  ore  bins,  in  order  to 
cure  rigidity  and  strength, 
be  strength  of  the  framing 
timbers  is  not  calculated,  but 
they  are  lakea  of  the  largest 
convenient   M^e    to   be   had, 
f^sually    10    in.  X  10    in,,    or 
"^•2  in.  X  12  in. 

Pig.  41  shows  the  end  ele- 

tifjti  of  a  modern  ore  bin* 

^  mud-sills  a,  sills  d,  posts 

^ps  tt  and,  in  fact,  all  the 

*ne   dm  hers   between    the 

^ound  and  the  sorting  floor 

^of  I2''x  12"  sticks.    The 

posts  /  and  ^  are  p***-  *i 

tenoned  and  pinned  to  their  sills  and  caps*  The 
braces  e  are  of  6"  X  12''  timbers  spiked  or  bolted 
together  where  they  cross.  As  these  braces  are 
merely  stiffeners,  the  posts  being  sufficient  to  sup- 
port the  load,  it  would  be  more  economical  and 
equally  effective  to  use  two  3''  X  12"  timbers,  as 
shown  at  a  in  Fig.  42.  These  timbers  or  planks 
are  placed  in  a  shallow  notch  made  in  the  post; 
but  even  this  small  amount  of  cutting  can  be  dis- 
pensed with  and  bolts  used  for  the  purpose  of 
them  in  place. 


L 
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The  framing  at  the  top  of  the  structure  is  not  made  so 
heavy  as  that  below  the  picking  floor,  since  ^t  has  only  the 

roof  to  support.  The  cars 
run  in  on  the  track  h.  Fig. 41, 
and  dump  the  ore  over  the 
grizzly  /  on  to  the  picking 
table  y,  where  any  pieces  of 
rock  are  picked  out  and 
thrown  into  the  rock  chute  ^ 
leading  to  a  rock  car  (not 
shown ) .  The  chute  /  is  for 
P^G.  41  ore  that  is  to  be  shipped  in 

cars.     The  men  who  load  the  cars  with  ore  stand  on  the 


Fig.  44 


platform  c  and  open  and  close  the  ore  gate  leading  to  chute  ♦' 
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{$  a  plan  of  the  top  of  the  building,  showing  ihe 
ht  the  gristly  '*  the  pickiog  table /\  and  the  rock  chutes  Jt. 
I*  44  is  a  front  elevation  of  the  same  ore  bin.  The 
►sills  a  are  seen  on  the  foundation  walls,  with  the  bent 
Resting:  on  them.  If  the  mud-sills  rest  on  masonry 
^B  shown  I  five  such  walls  will  be  required  running  the 
^en^^th  of  the  building.  Piers,  arranged  to  come 
ff  the  place  where  tjie  sills  d  rest  on  a,  would  probably 
fer  every  purpose,  and  greatly  reduce  the  cost  of  the 
Emry,     Bracing  the  posts  lengthwise  of  the  building  has 

IP  object  in  view  as  bracing  them  across  the  building, 
Kgidilf.  k,  /,  and  c  are  the  rock  chute,  ore  chute, 
fclatfornip  respectively. 
pr<?  Gat«s-^ — Cars  may  be  loaded  over  the  side  or 
ise,  the  former  arrangement  being  termed  side  had- 
Khe  latter  €€nitr  tmiding;  in  either  case,  the  ore  gate 
the  seme  construction.  Ore  stored  in  bins  is  very 
^^,kt  making  it  difficult  to  open  and  close  an  ore  gate* 
k'ercome  tJiis  difficulty, 
frous  gates  have  been 
5^d,  the  most  common 

Prhich  is  known  as 
m    Fig,  41     This 
Koimd  seniceable 
every  case  where 
arse  and  fine  ore 
in,  and   is   geoerally 
m  the  western  parts 
lUntted    States, 
»re  is  much  prec- 
ast the  gate,  doc  to  a  large  qtiaciiity  of  coarse  ore, 
age  obtained  by  the  hand  wheel  \%  not  sctflw:ietit  to 
I  ore  under  the  gate,  either  in  or  out,  iirbea  il  is  dnif^d 
This  f eafnre  ia  objectiooable,  since  a  car  nwf  be 
before  the  g  -e  ckHied.    To  OTercome  this 

lie  ^ h  '  .*  I  ft  rtras  devised .    In  th is  ca  Jki 
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the  gate  a,  at  (a),  is  curved;  it  turns  on  an  axle,  as  shown,  ani.^ 
is  moved  by  a  lever  b.  When  the  lever  is  pushed  back,  s 
in  (fl),  the  ore  slides  down  the  chute  over  a  straight  fac^; 
but  when  the  lever  is  pulled  forwards,  as  in  {b),  the  curw?=-e 

crowds  the  ore  against       -c, 
the  top  of  the  chute.  The^^^e 
is  a  front  to  the  chute  whic=h 
keeps  the  ore  from  runnings: 
out  except  when  the  curv^^d 
gate  permits  it.  Thecurv^sii 
form  of  this  gate  permits 
the  ore  to  be  thrust  ba<:ri: 
without  difficulty,  shutting 
off  the  stream  of  ore  when- 
ever it  is  necessary.  At(^^ 
is  given  a  front  view  of  ^^^ 
gate,  which  is  attached  ^° 
the  end  of  a  spout. 

Fig.   47    (fl)    gives    the 
front  elevation  of  an   ^^^ 
bin,  with  the  gate  a,  levei^  ^» 
platform  c  (from  whicl^   ^ 
man  works  the  lever),  ^^ 
the  chute  d,     A  side  s^^' 
tional  elevation  of  the  z^\^ 
is  shown  in  Fig.  47  (b) ,  ^^ 
which  the  reference  letters 
have  the  same  significance- 
In   the    gate    shown   ^^ 
Fig.  46,  the  lever  is  moved 
toward  the  bin  when  it  is 
desired  to  open  the  chute; 
but  in  the  gate  shown  in 
Fig.  47  the  lever  is  pulled 
away  from  the  bin  in  order  to  open  the  chute,  and  toward 
the  ore  bin  when  the  flow  of  ore  is  to  be  shut  off.     Any  ore 
that   might  obstruct   the   gates  while  being  closed  will  be 
pushed  down  the  chute,  and  not  back  into  the  ore  bin. 


Fig.  46 
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Swin^inix  Chute  Gate. — Where  the  opening  from     I 
bin  is  not  large  and  the  ore  is  comparatively  coarse,     j 

a  movable  apron  as  at  b,  | 
attached  to  a  chute  a, 
Fig.  48,  will  shut  off  the 
flow  of  ore  effectually. 
The  apron  is  raised 
to  the  position  sho^Ti 
by  the  dotted  lines  by 
means  of  a  rope  c  at- 
tached to  a  bail  d;  when 
the  apron  is  in  this  posi- 
tion the  ore  is  kept  from 
running  out  of  the  chute. 
But  when  fine  ore  is 
mixed  with  the  coarse, 
the  fine  works  out  be- 
tween the  joint  made 
by  a  and  d,  thus  causing 
trouble  and  sometimes 
preventing  the  apfoo 
from  being  lowered  to 
the  position  d. 

Swinging  aprons  ar^ 
frequently  used  wit^ 
other  gates,  as  by  the^^ 
use  it  is  possible  to  lo^^ 
cars  to  better  advantage 
and  with  less  trimming*' 
that  is,  it  is  possible  t^ 
pile  the  ore  evenly  ov^^ 
the  trucks  of  the  car. 


49.     Sect! ona  ^ 
Gate  for  Coarse  Ore* 

Fig.  49  illustrates  3 
pocket  stop  for  use  with  coarse  ore.  In  this  case,  the  gate 
is  composed  of  iron  bars  /;,  which  form  a  grating  to  hold 


Fig.  49 
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jihe  ore  back.    To  open  the  gate,  an  air  cylinder  a  is  pro- 
ved*   In  this  cylinder,  there  is  a  piston  connected  with 
piston  rod  6  and  the  crosshead  r,  which  works  between 
guides  d,  d,  and  is  connected  with  the  iron  bars  of  the 
atiuf  k  by  means   of   chains,  as  shown*     The  operator 
;on  the  platform  i,  which  is  placed  over  and  in  front 
M  Ibe  chute  to  the  cars.    When  he  wishes  to  raise  the  bars  k, 
I  opens  the  valve  e,  thus  introducing  compressed  air  from 
he  pipe/  into  the  cylinders.     This  air  raises  the  piston,  and 
htis  tijc  crosshead  and  gate  bars.     When  he  wishes  to  lower 
I  bars  ajfain*  he  closes  the  valve  e  and  allows  the  air  to 
ipe  from  under  the  piston  by  opening  the  valve  ^,  when 
jlbtcfosshead  and  bars  come  down  of  their  own  weight.     If 
jjmyof  the  bars  stick,  the  clevis  at  the  top  of  the  bar  can  be 
[turned  down  and  the  bar  driven  with  a  hammer.     This  form 
^^E^te  possesses  considerable  advantage  when  dealing  with 
Icoane  c^re;  and  the  fact  that  it  can  be  opened  and  closed  so 
I  Quickly,  with  the  aid  of  compressed  air,  enables  the  cars  to  be 
[loaded  in  less  time  than  otherwise  would  be  the  case. 

50,  Ore-Bin  Floors. — In  order  that  the  ore  may  run 
tteti  the  gates  by  gravity,  the  floor  to  ore  bins  must  have 
Bgle  of  at  least  32*^  if  lined  with  boards,  and  not  less 
28"  if  lined  with  iron, 
'^He  floor  stringers  are  given  centers  of  2  feel  and  are 
I  placed  at  right  angles  to  the  front  of  the  chute.  Two-inch 
jp^anks  are  nailed  across  them  for  flooring*  These  maf  be 
I  of  hetnlock,  but  should  be  well  seasoned  to  prevent  shrink- 
|»Se,  Ov^r  tiiis  flooring,  tar  paper  or  some  other  thick 
jsnciithifl^  paper  is  placed,  and  over  this,  at  right  angles  to 
\^  other  boards,  1-inch  oak  boards  are  nailed.     A  better 


man 


ts  to  use  1-inch  tongned'aod-grooved  pine  plank  for 


I  ^^  hoards  and  1-inch  oak  or  maple  boards  for  floor  lining. 
'  J^""  ^  of  ore  will  work  under  the  liniJig,  and  to  save 

'*^^  i,hould  he  tight. 

^  ^1«  Floor  Flaies,— Fig,  50  shows  an  ore  bin  with  an 
^ciioed  Boor  and  a  series  of  swinging  ore  chntes.  An  a 
^ootixand  tons  of  ore  go  over  the  floor  daily  in  the  shipping 
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season,  even  oak  or  maple  linmgs  would  wear  oat  qwkly; 
for  this  reasoD  i-inch  cast-iroo  plates  are  used  to  line  i^ 
f^oor*  These  plates  are  made  in  2- foot  squares,  and  m 
bolted  down,  the  head  o£  the  bolt  beingf  received  in  * 
countersink  in  the  plate.  Some  object  to  bolts  and  wi 
spikes,  claiming  that  the  fine  ore  will  work  under  the  phm 
and  break  them:  on  the  other  hand,  fine  ore  will  work  uoto 
the  plates  even  when  spikes  are  used,  so  that,  if  the  spikef 


^^m} 
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do  not  pull  out  of  the  wood,  the  danger  of  breakiog  tbc 
plates  is  as  great  as  in  the  other  case.  As  wet  ore  will 
freeze  to  iron  plates,  it  should  not  be  allowed  to  remain 
in  the  bins  during  freezing  weather- 
Crusher  and  sampHng  floors  also  are  protected  with  cast- 
iron  plates:  in  fact,  it  is  unusual  to  find  hard- wood  floofs 
about  mines  in  the  Western  States,  the  cost  of  wooden  floors 
being  more  in  the  long  run  than  the  first  cost  of  the  iron 
plates.  In  some  cases,  cement  fioors  have  been  introdttced 
with  fair  success, 

52,  €rtl>  Storag^e  Blns.^In  localities  where  dres9td 
timber  is  scarce  and  expensive,  ore  bins  and  storage  bios 
are  sometimes  constructed  from  logs  obtained  near  the  mtnc^* 
Such  structures  are  not  difficult  to  make,  are  serviceable. 
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mi  may  be  quite  large;  beside;^,  they  possess  the  advantag^e 

hi  beiog  readily  increased  in  height  when  greater  capacity 

E  necessary*     li  built  tip  with  four  sides,  the  timbers  hold- 

H  the  sides   toi^ether  should   not  be  more  than  12  feet 

rtween  centers j   the  same  distance  will  answer  when  the 

m  is  backed  against  a  hillside.     In  the  tatter  case^  the  ties 

Kteod  from  the  front  to  the  hill  and  rest  on  the  earth* 

U  first  it  may  be  necessary  to  hold  the  hill  end  of  the  tie  in 

place  by  vreigrhting  it  downj  but  when  once  the  tie  has  been 

overed  with  ore  it  will  remain  in  place.     The  ties  and  front 

cg«  arc  notched  and  further  held  by  ship's  spikes  driven 

hrcmgh  one  into  the  other.     Storage  bins  of  this  descrip- 

pon  ire  quite  ^r^neral  in  the  mountains  of  Southwestern  Col- 

pratlo,  but  are  not  confined  to  any  one  locality.     Miners  and 

urfuce  employes  usually  possess  enough  mechanical  skill 

Bo  construct  bins  that  are  serviceable  and  symmetrical  and 

I  conformity  with  local  conditions* 

Crtb  storage  bins  are  provided  with  ore  gates  for  conve- 

Dioic^  in  loading^,  and  sometimes  with  rough  foors  made 

Bt  log.s   dressed   on   one   side.     The    spaces   between    the 

[logs  are  not  filled  up,   as  they  become   stopped  with  the 

^rger  pieces  of  ore^  which,  when  dumped  from  the  ore  cars. 

oil  a  greater  distance  than  the  smaller  pieces. 

58.    Stone  Ore  Bins. — In  places  where  timber  is  not 

lily  obtainable,  ore  may  be  confined  within  roughly  piled 

^4lls  made  tip  with  the  largest  pieces  of  ore  or  with  barren 

;k*    These  walls  are  given  a  batter,  the  same  as  retaining 

lis,  and  are  increased  in  height  as  the  ore  accumulates. 

'^th  walls  are  temporary,  and  are  chiefly  used  for  the  pur- 

toring  second-class  ore  until  it  can  he  disposed  of 

\l  It  may  be  necessary,  however,  to  use  such  walls 

)r  good  ore  when  the  shipping  season  is  short. 

54#    Atisartln^  Ore, — Where   the  output  of  a  mine  is 
lugfi  and  the  ore  is  lean»  it  is  customary  to  break  the 
pieces  of  ore  from  the  poorer  pieces  with  a  hammer. 
Its  is  termed  eobbtnifr,  and  has  for  its  object  the  reduction 
the  pieces  in  size,  the  removal  of  worthless  rock  from  the 
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ore,  and  the  separation  of  the  lean  ore  from  the  rich,  thus 
making  two  or  more  grades  of  shipping  and  milling  ore.  lo 
the  earlier  days  of  mining,  ores  were  sorted  into  two  or 
three  classes  to  meet  graded  prices  at  smelting  works;  bat 
within  recent  years,  the  former  scale  of  prices  has  been  &sr 
carded  and  the  ore  is  paid  for  at  a  stated  price  per  ounce  of 
gold  or  silver,   together   with   the   percentage   of  lead  or 
copper  that  the  ore  contains.     There  are  sometimes  refrac- 
tory elements,  such  as  zinc,  silica,  and  arsenic,  which  arc  ! 
not  desirable  for  smelters,  and  when  these  elements  exceed 
a  certain  designated  percentage  a  proportionate  charge  is 
made  against  the  account  of  the  shipper.     When  ore  carries 
a  high  percentage  of  gold  and  silver  it  is  customary  to  assort 
it  on  the  premises  and  place  the  most  valuable  part  in  ore 
sacks  of  special  manufacture,  in  which  condition  it  is  shipp^ 
to  the  smelter  or  mill.     Assorting  is  carried  on  with  tb^ 
purpose  of  throwing  out  ore  containing  refractory  elements 
in  excessive  quantities,  so  that  all  the  ore  shipped  will  yield  ^ 
net  profit.     Ore  of  lower  value  than  shipping  ore  is  stored- 
until  some  appropriate  system  of  treatment  can  be  applied 
With  mines  at  high  altitudes,   from  which  ore  cannot  b^ 
shipped  during  the  winter,  it  is  customary  to  assort  an^ 
store  the  ore  in  convenient  places,  either  inside  or  outside 
the   mines,  until  the  roads  or  burro  trails  will  permit  it- 
shipment. 

At  times  lean  ore  can  be  worked  up  into  shipping  ore  W 
hand,  a  small  hammer  being  used  to  knock  oflE  the  mineral 
this  is  termed  bucking.  Where  the  output  is  large,  quicks- 
means  must  be  adopted,  such  as  rock  crushers  for  breakin;! 
the  ore,  and  picking  belts  or  picking  tables  on  which  theor^ 
is  assorted. 

The  object  of  picking  ore  is  to  separate  the  output  of  th^ 
mine  into  two  or  more  classes:  for  example,  (1)  the  shipping 
ore — ore  with  a  percentage  of  value  high  enough  to  warrant 
its  being  delivered  immediately  to  the  smelter;  (2)  the  or^ 
to  be  subjected  to  lixiviation,  or  to  be  worked  by  chlorina- 
tion,  cyaniding,  or  some  other  wet  process;  (3)  concett* 
trating  ore. 
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|5t  Soma  tniiies  with  a  large  daily  tonnage  have  their 
fig  plaotSf  where  amalganiatioiip  concentraiioiii 
are  carried  oo,  thus  converting  the  products 
bullioa  aod  thereby  saving  smelter,  freight,  and  custom 
rges.  Mines  that  have  their  own  smelting  plants 
t  be  so  particular  in  their  assortment  of  ore* 
ijjaiu,  the  object  of  picking  may  be  to  convert  ore  that  is 
jectionable  to  the  smelters  or  lixiviation  mills  into  a 
>tJuct  that  may  be  treated  by  them.  The  fine  ore  is  rarely 
Ked  on  to  the  picking  table,  thoug^h  sometimes,  where  a 
ciat  picking  table  is  employed,  the  entire  product  is 
trf  over  it.  This  is  especially  true  when  tables  of  the 
roping  pattern  are  employed,  in  which  the  ore  is  forced 
*ag  by  the  bumping  or  jerking  action  of  the  table  itself. 

56,  Picking  is  usually  done  by  hand,  though  sometimes 
fork  is  employed,  by  means  of  which  large  masses  of 
nien  material  requiring  recrushing  are  thrown  out  from  the 
5  as  il  15  being  handled  on  the  picking  floors.  In  cases 
*^re  the  material  being  assorted  contains  rich  bunches  of 
literal  in  rock,  it  is  sometimes  separated  on  the  picking 
^  by  bucking.  Where  picking  tables  or  belts  are 
ployed,  the  persons  that  do  Che  picking  stand  at  the  slides 
the  table  and  pick  oft  the  different  classes.  It  is  best  to 
k  'jff  the  larger  class^ — that  is,  if  there  is  more  ore  than 
tk,  Ui  pick  off  the  barren  rock  and  allow  the  ore  to  pass 

'^vtfr  the  table.  If  the  larger  class  ivere  picked  off  U 
^W  entail  a  great  amount  of  work.  Where  two  or  more 
^^^rals  are  being  picked  from  the  same  belt  or  table,  dif- 
rent  persons  pick  for  the  different  minerals;  in  this  way 
•^^t  material  can  be  obtained,  for  each  person 'h  eyes 
^^Eic  riccustomed  to  looking  for  a  certain  product,  and 
•^y  become  more  expert  in  picking  out  one  grade  than 

y  Would  if  two  or  three  grades  were  picked  out  by  each, 

"*•  At  most  gold  or  silver  mines,  particularly  thouc  In 
"^b  the  ore  is  found  as  a  sulphide,  or  a  lenuride.  etCr,  the 
ore  is  often  the  rIchesL  Thi4  cannot  be  anAorted  by 
1^^;  but  it  f$hould  not  he  thrown  oo  the  rock  piles;  it  nhotild 
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be  assayed  and  shii)i)ed  with  coarser  ore.  The  fine  ore  result- 
iny:  from  cobbing  or  bucking  should  also  be  saved,  assayed, 
and  shipped  with  coarser  ore,  provided  the  values  warrant 
it.  The  object  of  assaying  this  fine  ore  is  to  ascertain  its 
value.  If  it  is  very  rich,  it  may  be  added  to  a  shipment  of 
second-class  ore  in  order  to  raise  the  value  of  the  shipment; 
if  it  is  only  of  medium  value,  it  may  be  added  to  a  shipment 
of  richer  ore. 

Treciuently,  miners  are  under  the  impression  that  their 
ore  is  richer  than  it  really  is;  therefore,  some  independent 
assaycr  should  be  given  a  sample  for  assay.     If  this  can* be 
done  before  shipments  are  made  the  miner  will  know  approx" 
imatcly  what  he  should  receive  for  his  ore.     If  the  ore  will 
not  pay  for  its  freight  and  other  charges,  he  can  reassert  it 
to  bring  up  its  value.      In  assorting  lean  ore,  care  should  be 
taken  to  see  that  the  good  ore  obtained  will  pay  twice  aS 
much  as  the  cost  of  the  labor  expended  in  its  assortment 


58.  stock  rih's.- -  Whtrc  the  ore  is  shipped  during  a 
jxniijni  of  ilic  ycMf  only,  :i-n.  inr  instance,  at  the  Lake 
Superior  iron  mines,  from  which  oi\'  is  shipped  during  the 
snninKT  months,  it  becomes  neeessriry  to  stack  the  ore  mined 
durinLT  the  winter  in  large  stock  piles.     In  Fig.  rtO  a  stock 
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in  be  seen  beyond  the  pockets^  and  Fio:.  51  is  a  view 
the  opposite  direction,  showing  the  pockets  and 
;>iles  on  Ihe  sides  of  the  track.     Stock  piles  usually 


>ard  DoorSt  iii  order  to  keep  the  materia!  from  hecom- 
iced  with  the  underlying  earth  or  rock.  Figj,  52  is  a 
in  stock  pile  showing  the  board  Boor  at  the  end  of 

tttilier  Work  In  Stock  Piles,— Where  steam 
id  the  ore*  it  is  not  advisable  to  have  permanent 
Dg  within  the  stock  pile^  a?*,  for  instance,  a  trestle; 
en  the  tiroe  comes  to  load  the  ore  for  shipment,  the 

Pified   in  it  mil  interfere  with  the  action  of  the 
Do  this  accotint  many  of  the  stock  pi!e«i  are  formed, 
tn  Fig,  52»  by  dumping  the  ore  over  the  end  of 
(i  from   the  shaft  house  and  thei:  advancing  the 
peans  of  a  track  taiid  along   the  top  of  tl^a  pile. 
e  ore  is  to  be  loaded  by  hand  tbeic  objeclions  to 
do  not  apply;  but  even  in  thii  cane  I  hey  are  not 
|eces8iiy,  and  should  be  avoided  whenever  ptj^^iblc 
ot  their  expense. 


■^tock-IMIf^    ' 
X  to  the  stOL 


-,— In  CAie  the  can  are 
..estJework  If  provided. 
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with  the  bents  so  desig:ned  that  the  greater  portion  of  the 

woodwork  may  be    removed    after  the   pile  is    completed. 

Pig.  53  illustrates  one  bent  of 
a  trestle  desig^ned  for  stockinj^ 
ore.  The  bottoms  of  the  dump 
cars  used  in  such  cases  slope 
downwards  from  the  center  to 
the  sides,  like  an  inverted  ¥;  the 
doors  a  are  kept  closed  by 
latches,  which  are  released  by 
pins  or  blocks  placed  at  suit- 
able points  alons:  the  trestle. 
When  the  doors  are  released, 
the  ore  presses  them  out  into 
the  position  shown  by  the  dotted 
lines  and  drops  on  to  the  stock 
pile  beneath.  After  the  ore  has 
risen  around  the  legs  nearly  to 
the  brace  ^,  the  braces  e  and  i 
may  be  removed,  as  the  ore  will 
hold  the  legs  in  place.  After 
the  stock  pile  is  completed,  the 
stringers  ^,  the  track,  and  the 
caps  c  are  removed.    This  leaves 

nothing  but  the  legs  of  the  trestle  for  the  steam  shovel  to 

pull  out. 


01.     The  Hunt  Automatic  Railway. — Fig.  54  shows  a 

Hunt  car,  which  runs  on  a  narrow-gauge  track.  It  is  dis- 
charged by  means  of  a  tripping  block  «,  placed  where  the 
load  is  to  be  (lumped.  The  sides  of  the  car  are  fastened  to 
each  other  in  such  a  way  that  when  one  side  opens  the  other 
oijcns  also.  The  load  is  thus  evenly  discharged  and  there  is 
no  danger  of  overturning  the  car.  The  car  bottom  slopes 
frnin  a  ridge  along  the  center,  so  that  directly  the  sides  arc 
unfastened  the  ore  runs  out.  Fig.  55  shows  the  method  of 
unloading  a  boat  and  stacking  ore.  The  bucket  a  is  loaded 
in  the  vessel  and  hoisted  until  it  meets  a  trolley,  which  then 
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picking  up  a  cable  that  is  attached  to  the  weight  g.  The  car 
raises  this  counterbalance  g  a  short  distance,  but  does  it 
gradually,  so  as  to  prevent  strains  on  the  various  parts  as 
far  as  possible.  When  the  car  has  dumped,  the  falling 
weight  gives  the  car  sufficient  momentum  to  carry  it  up  the 
plane  to  the  chute,  after  which  it  is  ready  to  receive  another 
load.  This  system  is  extensively  used  for  unloading  or  for 
making  stock  piles;  it  is  used  also  at  smelting  plants  for  ore 
bedding. 

62.  Cantilever  Cranes. — In  another  method  employed 
for  making  stock  piles,  the  cantilever  crane  is  used. 
While  this  is  applied  to  iron  ore  and  coal,  it  may  be  used 
in  other  cases.  Fig.  56  shows  a  cantilever  used  on  the 
Chicago  drainage  canal;  it  had  a  length  of  353  feet  and  a 
height  of  80  feet  at  the  dump.  It  was  mounted  on  a  truck 
whose  wheel  base  was  57  feet.  This  truck  ran  on  a  port- 
able track,  so  that  the  entire  structure  could  be  moved  with 
comparative  ease.  The  cars  or  buckets  were  first  loaded, 
then  raised  by  rope  and  a  hoisting  engine  to  a  trolley,  which 
carried  them  up  the  incline  to  the  place  from  which  they  were 
emptied  automatically.  With  such  an  arrangement  a  stock 
pile  can  be  continued  indefinitely.  An  anthracite  stock  pile 
containing  250,000  tons  was  made  in  this  way.  Similar  in 
principle  are  the  stationary  cantilevers  used  at  ore  docks  in 
Cleveland,  Ohio,  and  BuflFalo,  New  York,  where  large  quan- 
tities of  ore  are  taken  from  boats. 

63.  Loading  Ore  From  Stock  Piles. — The  ore  in  the 

stock  piles  is  loaded  into  the  regular  railroad  cars  during^ 
the  summer  by  means  of  specially  designed  steam  shovels. 
Owing  to  the  fact  that  the  ore  hoisted  from  the  mine  always 
contains  more  or  less  moisture,  and  that  the  winters  in  the 
Lake  vSuperior  region  are  very  severe,  it  has  been  found  that, 
where  a  stock  pile  has  been  built  slowly,  so  that  the  layer  of 
ore  dumped  over  the  face  amounts  in  a  day  to  only  a 
few  inches,  the  material  will  freeze  solid;  and  in  that  cold 
northern  climate  this  mass  will  not  thaw  out  for  a  number  of 
years.     The  result  is  that  the  shovel  has  to  dig  frozen  ore 
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during  the  summer  months.  On  this  account,  mines  are  now 
concentrating  their  stock  piles  at  one  place  only;  and  by 
working  rapidly  and  dumping  several  feet  of  ore  during 
the  day  they  succeed  in  preventing  the  ore  from  freezing 
solid,  and  hence  in  making  it  very  much  easier  to  shovel. 
Where  it  is  necessary  to  stock  ore,  provision  must  be 
made,  in  laying  out  buildings  and  tracks  on  the  surface, 
for  the  convenient  handling  of  the  ore,  both  when  adding 
it  to  and  taking  it  from  the  stock  pile. 

64,      llequirements    for    Stocking^    Ore, — Extensive 
pockets,  bins,  or  other  provision   for  storing   a   supply  of 
ore  are,  as  a  rule,  not  necessary  at  gold  and  silver  mines 
having  a  mill,  for  in  such  cases  the  material  is  worked  up  as 
fast  as  it  is  mined;  in  the  case  of  copper  or  iron  ores,  exten- 
sive pockets  or  bins  become  necessary;  and  where  the  ship- 
ping season  lasts  only  a  portion  of  the  year  stock  piles  are 
required.     At  gold  and  silver  mines  the  pockets  or  ore  bias 
should  hold  one  week*s  supply  for  the  mill,  so  that  the  miVA 
will  not  be  idle  in  case  of  a  stoppage  at  the  mine,  and  tha.« 
mine  need  not  be  idle  in  case  of  a  stoppage  at  the  mill. 


65.  Kock  or  Ore  Dumps. — Rock  piles  or  ore  piles 
sometimes  called  dumps;  for  instance,  miners  may  refer  •^ 
the  rock  dump,  the  second-grade  dump,  and  the  high-grac^ 
dump;  in  this  case  the  second-grade  or  high-grade  dunip==^ 
would  be  really  stock  piles.  The  object  in  separating  th^^ 
ore  at  the  dump  into  diflFerent  grades  is  that  at  some  futuc:^ 
time  means  may  be  available  for  treating  a  lower  grade  c^^ 
ore  than  could  be  treated  profitably  at  the  time  of  minin^^ 
This  is  especially  true  in  the  case  of  gold  or  silver  minc^^ 
that  are  shipping  smelting  ore  and  saving  any  ore  that  ma  ^ 
in  the  future  be  concentrated. 

Frequently,  the  dumps  (either  of  rock  or  ore)  are  intb-^ 
way  of  projected  railroads.  In  such  cases  it  will  be  nece^  ' 
sary  to  excavate  a  tunnel  through  them,  and  to  either  timbc:^ 
or  line  it  with  metal  or  masonry  or  cribbing.  Metal  o^ 
masonry  lininos  are  preferable  on  account  of  the  fact  tlw*^ 
timber  is  liable  to  take  fire. 
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in  the  figure,  the  end  lever  b  is  thrown  up,  drop; 
dogs  c  across  one  of  the  rails  so  that  the  car  cam 
out  of  the  cradle.  The  upper  edges  of  the  car  are 
place  by  the  angle  irons  d.  After  the  car  is  locked 
tion,  the  entire  cradle  is  revolved  into  the  position  s 
Fig.  58.  In  most  cases  the  cradle  makes  a  complete 
tion,  and  when  it  returns  to  its  upright  position  2 
latch  (not  shown  in  the  figure)  catches  the  rails  ai 
the  cradle  in  a  position  that  leaves  the  portion  of  t 
on  which  the  car  rests  alined  with  the  permanent 
track.  After  this,  the  lever  b,  Fig.  57,  is  thrown  d< 
the  car  run  out  on  the  track.  When  the  car  is  loa 
greater  part  of  the  weight  is  above  the  center  of  gi 
the  cradle,  which  therefore  turns  very  easily;  while 
ore  is  out  the  heavy  car  wheels  and  track  enable  the 
to  bring  it  back  into  its  upright  position  with  very  litt 

67*  Dumping  Mine  Cars. — Usually,  ore  is  dum 
bins  or  on  to  the  stock  pile  from  end  or  side  dumpi 
Figs.  59  and  60  illustrate  a  common  form  of  r 
employed  at  metal  mines.  This  car  is  so  constructe 
can  be  dumped  either  to  the  right  or  to  the  left,  t 


Vh\.  59  Pio.  GO 

W\\\\:  \\\^W\\v(\  to  the  trucks  by  means  of  a  pivot  she 
Vu:    t^'*      WluMi  it  is  desired  to  dump  the  car,  the  • 
^u  w)w  thr  hjuulU*  / ,  and  then  throws  the  levers  part  \ 
^^  ivlo'^MP  tho  latch  by  Fig.  59;  this,  however,  does 
^w  ^\\\\^\  'A   iMg.  (50,  far  enough   to  release  the  la 
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IS  the  front  end  of  the  car  /  from  swioging  open.    After 

(lis    he  lifts  the  handle  r  and  swings  the  car  to  the  right  or 

^ft^    a!i  may  be  desired;  then,  on  throwing  the  handle  a  clear 

*'^r^  ijie  front  end  of  the  car  will  swing  out  and  release  the 

! -,     After  this  the  car  can  be  swung  around  again  and 

,  ^d  into  place.     The  front  end  /  closes  of  itself  and  is 

^O^xed  by  returning  the  lever  a  to  the  position  shown  in 

le^.     50.     The  same  style  of  truck  is  sometimes  employed 

itW    wooden  cars,  but,  as  a  rale,  steel  is  the  best  material  of 

t*ic^li  lo  manufacture  mine  cars  for  use  at  ore  mines »  especi- 

at  gold  and  silver  mines.     A  little  loop  riveted  to  the 

of  the  car  at  ^  is  for  the  latch  that  holds  the  car  in 

>Iac^^  while  it  is  being  hoisted  on  the  cage.     When  ore  is 

►i^gbt  to   the   surface  in   skips,   it  is   frequently  dumped 

cars  of  this  pattern  before  it  is  run  out  lo  the  pocket 

or  stock  pile, 

SS,    Hcoo|i  Cars, — Pig.  61  shows  a  car  having  the  same 
^  '-r  of  truck  as  that  shown  in   Figs,  59  and  60,  but 

-d  with  a  scoop  body  or  box.    This  style  of  car  can  be 
dttroped  without  uo- 

.i     ■ 


^^^ 


Mg   the    front, 
-1  be  done  with 
^  ^ar  just  shown, 

®S>.     Stocking 
^^    lu   the   Mouu- 
ttl  ii^.^in   the  mi- 
^  Camps  through- 
Western  America, 
bins   are   some- 
^^  ciuite  elaborate 

^turcs:   at    other  ^'^  «i 

^*^^s  crude.  A  common  method  of  construction  is  to  erect 
^^^s  at  intervals  and  join  them  by  horizontal  timbers  of  a 
K  r^ ^  The  joints  are  made  by  dapping  the  posts  into 

L^  1  caps*  or  by  mortise  and  tenon*     The  frame  is 

\^^  ittfiide  with  2*inch  or  3-incb  planks  running  horizontally 
^^  post  to  post»  and  these  in  turn  are  reinforced  by  li-incb 
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planks  that  extend  vertically  from  sill  to  cap.     To  prevent 
the  opposite  posts  from  bulging,  sills  and  caps  are  held  firmly 
together  by  long  Ij-inch  iron  rods  that  are  threaded  for  a  n^^ 
at  one  end  and  headed  at  the  other.     Before  the  rod  is  passed 
through  the  holes  in  the  timbers  an  iron  washer  is  put  on, 
and  before  the  nut  is  put  on  a  similar  washer  is  placed  on  the 
threaded  end.     The  washers  will  provide  a  larger  bearing 
surface    for  the    rods    and   prevent   their   cutting   into  the 
timbers.    Where  such  ore  bins  are  placed  against  side  hills 
it  may  be  necessary  to  vary  their  construction  to  conform  to 
the  slope  of  the  hill,  but  in  all  cases  it  is  well  to  give  tbc 
lloor  a  slope,  in  order  to  assist  the  loading  when  shipmepts 
are  to  take  place.  

TRANSPORTATION    OF   ORB 


SIKFACE    TRAMWAYS 

70.  (ioiirral  C'oiisicleratloiis. — At  the  smaller  gol^ 
anil  silver  mines ,  the  transportation  of  ore  and  suppli^^ 
is  usually  :icci>niplished  either  with  wagons  or  with  pac^ 
aninuils.  In  the  ease  of  gold  and  silver  mines  having  thei^ 
own  mill,  a  ear  traek  should  connect  the  mill  and  themin^ 
wherever  this  is  possible.  In  some  cases,  ore  andsuppli^^ 
are  neeessaiily  iransjiorted  in  wagons.  This  is  true  i^ 
mouniaiiunis  eonntries,  for  a  gold  or  silver  mine  may  have  ^ 
laii^e  I  nit  pill  wiihuut  havinjr  to  transport  much  weight  fo^ 
Ioiil;  liisi.mees.  the  vmv  being:  first  reduced  to  small  loads  O^ 
valiiaMe  metal.  It  tran»<portation  by  means  of  wagon ^ 
proves  too  expensive,  or  if.  owing  to  the  character  of  tli^ 
eoimtvy.  a  railr.>avl  is  out  vi  the  question,  either  an  incline^ 
plane  or  an  aerial,  wire-rope  tramway  may  be  employe^* 
In  most  lari^e  ir.etal  nnr.es  ilirect  railroad  connections  ar^ 
m.ule  with  tlie  ir.ines  in  oriler  that  supplies  may  be  delivere*^ 
on  ear^  anvl  t!ie  ore  taken  aw.iy  i!i  the  same  manner. 

71.  toiuirc  of    rr:iek>».      Wixre  the  mine  has  tracks  ^* 

ilN  own  on  the  surface  it  is  well  to  ailc^pt  a  uniform  gaug^' 
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ly  true  where  the  mine  cars  are  brought  to 
ice.  For  small  railroads,  the  gauge  of  the  track  is 
titnes  raeasured  as  sboum  in  Fig.  62,  which  illustrates 
itandard  gauge  for  mdustrral  railways;  as  will  be 
Hbt  flaogfes  of  the  wheels  are  outside,  the  rails  being 
the  flanges.     The  gauge  of  most  mining  railroads 


'2li 


lasured  as  showa  in  Fig,  63,  The  standard  raUjroad 
I  in  the  United  States  is  4  feet  Si  inches;  it  is  impor^ 

0  remember  this,  since  railroads  seldom  do  the  grading 
de  tracks  leading  to  mines.     At  some  mines  the  same 

1  is  employed  for  the  skip  road  and  for  the  surface  Hues, 
racks  in  the  underground  drifts  being  of  a  narrower 
s  The  usual  track  gauge  for  vein  ore  mines  of  medium 
1  is  18  inches,  with  the  wheel  flanges  inside  the  rails, 
'ge  deposits  I  such  as  the  iron-ore  mines  of  the  Eastern 


1 


4^ 


■^  States,  the  usual  track  gauge  is  36  inches.  If  side- 
►  cars  are  used  in  the  mines,  the  track  gauge  must  be 

Rlhan  where  end-dump  cars  are  used*  In  the  former 
car  body  must  be  raised  higher  as  the  gauge  is 
,  in  order  to  clear  the  wheels  and  obtain  an  angle 
ient  to  discharge  the  ore.  It  is  of  course  understood 
ht  htgher  the  car  bodies  are  raised,  the  more  top-heavy 
Ira  become »  and  the  more  diflicult  they  are  to  handle. 

Bttlnlfartii  Track  Gangi^s  at  Mines. — ^It  is  well  to 
Hi  cars  and  tracks  of  one  pattern,  since  switches 
Eti^d  for  cars  having  wheels  flanged  outside  are  not 
Ut  (or  cars  with  wheels  flanged  inside.     If  all  the  cars 
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have  wheels  flanged  inside,  the  narrow-gauge  cars  may 
run  over  the  same  track  as  the  wide  gauge  by  laying  a  th 
rail,  so  that  the  narrow-gauge  cars  will  follow  one  of  the 
rails  and  the  extra  rail. 

Where  cars  are  brought  from  the  mine  in  cages,  or  wh 
the  same  style  of  cars  is  used  in  the  mine  and  at  the  surfs 
the  track  gauges  should  be  the  same  in  order  to  make 
cars  serviceable  in  both  places.  Skip  tracks  should  alw 
have  a  gauge  at  least  32  inches  wide,  as  a  skip's  stability 
a  slope  increases  with  the  width  of  the  skip  and  its  decrc 
in  height. 

73.  Mine  Kails. — Iron  or  steel  rails  are  used  for  n 
tracks,  although  in  some  mines  it  is  thought  to  be  econom 
to  use  wooden  rails  on  account  of  the  rapid  corrosion 
metal  rails  by  acid  water.  Iron  or  steel  rails  are  spokei 
as  weighing  a  certain  number  of  pounds  to  the  yard; 
rails  used  at  ore  mines  vary  in  weight  from  12  to  40  pou 
per  yard.  Cars  that  weigh,  loaded,  as  much  as  2,000  pon 
should  run  on  rails  not  lighter  than  18  pounds  per  y 
Frctiuently,  cars  of  this  and  greater  weights  run  c 
r2-pound  rails;  but  such  tracks  soon  become  very  une 
and  irregular,  and  the  cars  frequently  leave  the  tracks.  1 
not  economical  to  use  rails  so  light  that  they  will  spr 
and  bend.  Outside  of  mines  the  cars  are  frequently  mo 
at  higher  speeds  than  inside,  and  hence  rails  from  2C 
•10  piuinds  should  be  employed,  according  to  the  speed 
wcij^ht  of  the  cars.  The  lawful  rate  for  hauling  cars  un' 
j;round  in  Pennsylvania  is  6  miles  per  hour,  and  this  sp 
slu>ul(l  never  be  exceeded  in  any  mine;  on  the  surface  tl 
is  nt)  lawful  speed  regulation.  Light  rails  should  have 
plaeeil  closer  than  heavier  rails.  The  distance  of  ties  betv 
eentiMs  varies  from  18  to  36  inches,  and  while  the  lattc 
^iven  as  the  maximum  for  mine  roads,  it  is  too  great  a 
t.mi'(\  even  with  wide-faced  ties. 

7  I.  Car  Whrols.  -The  larger  the  diameter  of  the 
wheel  used,  the  easier  the  car  will  run.  The  average  n 
cav  wheel  is  12  inches  in  diameter,  but  at  times  it  is  n 
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as  much  as  18  inches  in  diameter.  Mine-car  wheels  are 
usually  made  to  turn  on  their  axles,  but  frequently  they  are 
pressed  on  the  axles,  in  which  case  the  cars  are  supplied 
with  journal-boxes.  The  journal-boxes  are  sometimes  out- 
side the  wheels,  as  in  railroad  cars,  and  sometimes  inside 
the  wheels.  The  hubs  of  loose  car  wheels  wear  fast,  while 
with  wheels  fixed  on  the  axle,  the  journals  wear.  The 
journal-boxes  may  be  rebabbited,  but  the  wheels  when  worn 
must  be  discarded.  In  order  to  obtain  a  short  wheel  base, 
for  the  purpose  of  taking  sharp  curves,  while  retaining  a 
carrying  capacity  of  16  to  22  cubic  feet,  the  ore  cars  of  the  kind 
shown  in  Fig.  59  are  used.  Where  a  cage  or  end-dumping 
apparatus  is  used,  the  truck  may  be  wider,  the  wheels  of 
^^ger  diameter,  and  the  height  of  the  car  above  the  rails 
^^ss  for  a  given  capacity. 

^^  is  usual  at  ore  mines,  when  newly  purchased  cars  are 
''^ceived,  to  cover  their  bottoms  with  li-inch  or  2-inch 
P^^nks,  as  a  measure  of  economy,  since  hard  rock  wears  the 
^^eel  away  rapidly. 

•  S.    Grade  for  Inside  Tracks. — The  grade  rule  for 

'^^^fcsin  mine  levels  is  to  give  them  sufficient  rise  to  allow 

^^^r  to  run  away,  say  1  in  200.     It  is  usual  to  have  the 

^^^s  arranged  to    favor   the    loaded  cars.     Where    it   is 

^^rided  that  the  cars  shall  run  by  gravity,  away  from  the 

^^^injg:  chute,  for  instance,  the  necessary  grade  will  depend 

^^^what  on  the  construction  of  the  cars,  since  some  mine 

^^^      run  much  harder  than  others,   as  explained   in  Afi'ne 

^^^^age.     For  loaded  cars,  a  grade  of  from  .75  foot  to  1.25 

.^^^    in  100  feet  will  usually  be  sufficient,  while  for  empty  cars 

l^ni^y  require  a  grade  of  from  1  foot  in  100  feet  to  2.25  feet 

in  ICK)  feet  to  make  the  car  start  and  run  by  gravity.     The 

^^^i&n  of  mine  cars  should  be  such  that  the  car  runner  can 

cont.T'ol  his  loaded  car  if  it  runs  by  gravity,  and  push  the 

tm^ty  car  back  easily  at  the  ordinary  speed  of  walking. 

*^^Se  conditions  apply  equally  to  a  train  of  several  cars, 

ticept  that  friction  brakes  should  then  be  supplied  to  the 
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76.  Koadbert, — Where  a  steam,  electric,  or  compressed- 
air  locomotive  is  to  be  used,  the  track  should  be  laid  with 
good  ties,  but  the  embankments  and  ballasting  do  not  require 
the  care  that  is  usually  bestowed  on  large  commercial  rail- 
road lines,  where  the  speeds  are  very  much  greater.  The 
spaces  between  rails  should  be  filled  sufficiently  to  keep  them 
free  from  water,  and  the  ties  should  be  well  tamped  under 
the  ends.  The  ease  with  which  cars  can  be  moved  over 
good  r(nidbeds  more  than  compensates  for  the  extra  work  in 
making  them.  ' 

77.  (iriule  for  Outside  Tracks. — On  outside  tracks, 
if  the  cars  are  run  by  gravity,  the  same  inclination,  say 
1.25  per  cent.,  will  answer,  provided  the  tracks  are  kept  clean. 
This  is  gradually  reduced  toward  the  dumping  point  in  order 
that  the  cars  may  be  easily  stopped  and  accidents  prevented. 
Hroad-gauj^^e  tracks  leading  to  ore  chutes  should  never  have 
less  than  l.'io-pcr-cent.  grade,  and  even  then  the  tracks  must 
be  kept  clean  to  lessen  the  amount  of  prying  required  to  make 
the  cars  start. 

78.  S>vitflios. — Fig.  64  is  a  diagram  of  a  turnout  <5t 
switch.     This  particular  switch  is  known  as  a  stub  swltc?^' 
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because  the  movable  rails  a,  b  are  cut  off  square  at  the  ends. 
As  the  movable  rails  a,  b  are  placed,  cars  going  to  the  right 
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iA  pass  on  to  the  rails  rf,  rj  btJt  if  the  rails  a,  if  were  thrown 
afmsitiQo  to  break  connections  with  the  rails  d,c,  the  cars 
aU  pass  on  to  the  curved  rails  tf,  /*  The  movable  rails  are 
)wn  by  a  lever*  which  may  be  on  the  ground  or  upright  on 
md.    The  points  a  and  6  shown  in  Fig.  65  form  a  switch 
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furnishes  an  unbroken  track.  This  kind  of  switch  is 
k^n  as  ^  9 put  ^wUch,  and  is  the  one  usually  adopted  on 
ri  track  lines.  The  shifting  rails  are  held  at  one  end  by 
U  bolted  to  the  rails  a'  and  i/;  however,  they  are  made 
*  enough  to  be  readily  moved  by  the  bridles  e.     In  order 

ihey  may  be  shifted  easily^  the  points  rest  on  sheet-iron 

©♦    Proirs.— Fig.  66  shows  a  rail  frog,  not  mtich  used 
de  mines  except  where   there  is   mechanical   haulage. 


flllS) 
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i  67  shows  a  spring-rail  frog,  which  offers  an  unbroken 
ik  to  trains  passing  over  the  rail  ^  ^,  but  not  when  passing 
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over  the  rail  cd  to  go  on  to  a  side  track;  if,  however,  a  car 
were  traveling  from  a^  to  ^  it  would  not  be  derailed.  The 
rail  e  is  movable,  the  car  flanges  pressing  it  outwards,  but  as 
soon  as  it  is  released  it  returns  to  its  original  position,  l^ 
mines,  rail  frog  points  such  as  shown  at  a.  Fig.  66,  are  used 
These  are  usually  made  at  the  blacksmith  shop,  because  mio 
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curves  are  of  small  radius  and  the  tongues  d  can  be  cunr< 
to  meet  requirements.  Often,  frogs  are  made  of  cast  ire 
for  both  inside  and  outside  work,  but  these  are  frequent 
disappointing,  because  the  switches  must  be  made  to  lir 
with  them,  and  in  cramped  spaces  this  is  not  always  co: 
venient;  on  the  other  hand,  rail  frog  points  can  be  made  l 
accommodate  the  switches. 

80.     Turnouts,  or  i)artin;3rs,  may  be  used  for  the  passim 
of  two  trains,  for  side  tracks,  or  for  cross-levels;  in  anycas* 

the  object  is  to  run  cars  from  on 
track  to  another.  The  most  con 
mon  turnout  is  that  shown  in  Fig.  6= 
The  switch  points  are  wedge-shape 
bars  of  iron,  Fig.  69,  of  the  sana 
l\»Mi:hl  as  the  rails.  The  points  are  pivoted  to  o^ 
\\\v  lies  by  a  spike  passing  throufrh  the  hole  a,  [ — 
In;.  <»'.).  and  are  connected  to  each  other  by  a  ci 
,  t,»','.  l>ar  </,  Fig.  GS,  and  bolts  passing  through 
\\u'  \uAc  /',  ViiX.  09.     This  switch  is  readily  moved  from  on 
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Fig.  69 


-^ft 


Fio.  70  Fig.  71 

k.kk\  ^»  \\w  othc-r  by  the  foot.     Fig.  70  shows  a  parting  havin; 
k  *.^»t   *  jMVotrd  at  /',  so  that  it  may  be  moved  to  the  positio 
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I  the  dotted  line  c.    Fig.  71  sbows  a  parting  much 
le  points  £i%  b  are  spiked  to  ties  in  the  position 

len  such  a  parting  is  reached,  the  car  going  to 
it  is  pushed  to  one  side,  so  that  the  front  wheels 
rje  rail  a,  and  this 
iie  wheel  on  the 
I  of  the  car  over 
t\  <,     The  wheels  — 

lake    the  same 


J-L 


represents  a 
similar  switch.  Fm, 72 

or  cast-iron  frog  on  a  plate  a.     In  mines  it  Is  often 
l^make  turns  at  right  angles  to  the  main  track, 
ion  template  b  is  used, 

Piiriitnbles  are  much  used  about  mines,  miUs^  and 
Fig-  73  shows  one  having  ball  bearings.  These 
great  improvements  over  turn  plates,  or  turn- 
tables that  are  pivoted  in  the  center* 
The  balls,  however;  will  wear  the 
plates  rapidlv,  for  which  reason  con- 
siderable allowance  is  made  at  the 
bearings. 

82.     fielacton  Bet'iv'een  Ore 
Mliieil  and  TransiMjrttttloii, — The 
general  arrangement  of  surface  plants 
and   the    method   of    transportation 
adopted  will  depend  to  a  large  extent 
on  the  nature  and  extent  of  the  de- 
posit being  worked*     In  the  case  of 
large    iron,   copper,   gold,    or   silver 
mines  it  will  be  necessary  to  lay  down 
quite  an  extensive  plant  and  make 
:  large  quantities  of  orer  while  with 
^  as  at  some  2inc  and  lead  mines, 
asive  surface  arrangements  are  out  of  p!ace»  and 
Ig  about  the  location  must  be  of  a  more  or  less 
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portable  nature.     At  some  mines  very  little  more  than  food 
and  clothing  has  to  be  transported  to  the  location,  thetimW 
necessary  in  the  mining  operations  being  obtained  from  the 
adjoining  country.    After  the  mill  has  once  been  erected  aO" 
put  in  running  order,  it  is  to  a  large  extent  independent  ^^ 
outside  communication,  there  being  little  to  transport  eitb^^ 
to  or  from  outside  places.     In  such  locations,  wagon  or  pacl^ 
train  transportation  will  answer;  but  where  large  amounts  ^ 
concentrates  or  heavy  ore  are  to  be  transported,  a  railro^^ 
inclined  plane,  or  wire-rope  tramway  is  necessary. 


ANIMAI^  TRANSPORTATION 

83.  Wa^on  Roads. — The  engineer  is  frequently  call^* 
on  to  select  a  mountain  road  up  to  the  mine.  A  goO* 
mothiHl  oi  procedure  in  such  cases  is  to  find  the  approxima^ 
hcii^ht  of  the  mine  by  the  aneroid  barometer,  and  pick  0*3 
the  nu^st  suitable  ground  during  a  walking  sun'ey,  avoidiix  i 
lovky  tracks  whenever  possible.  While  it  is  desirable  t' 
li.ivi'  a  uniform  ^^rade,  it  is  not  always  possible,  but  grad^ 
tor  wai^on  roads  should  not  exceed  8°,  and  then  only  for 
^hori  distance. 

SI,     Loads. — Assuming   that   a   horse   can   draw  3,0C^ 

poinids  on  a  level,   he  can    draw  the   following   loads  c^ 

iiuliMalit>ns: 


1  Load  in    ,       r'..«^«      i  I-'^^ad  in   \\       o-.«j^ 

*'**^'^'  I'ounds  ^'^-^^^  Pounds  ^^^^^ 


I 


Loadic^ 
Pounds 


I  iM  \oo  -2,730  I  in  00  1,800    I     I  m  30         900 

I  in  y)o  ■  J. 700  1  in  50  1,500    I      I  in  25     !     750 

I  in  s.»  J. 400  I  in  45  1.350 

I  in  -.  J.J51)  [  in  40  1,200 

I  III  .»  J,  100  I  in  35  1 ,050 


?^.».      Tjifk  Animals.  —  In  sonic  instances  it  will  be  impos- 

i'«i'    !»•  m.jlve  wagon  roads  to  the  mines,  in  which  case  it 

'11  IX  |.»-  p,»:.sil)le  tc»  pack  machinery  and  supplies  on  animals' 


I  in  20 

600 

I  in  15 

450 

I  m  10 

300 
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for  mountain  trails,  at  least  in  the  Western  United  States 
and  in  Mexico.  Fig.  74  shows  a  burro  train  packed  with  or€, 
ready  to  start  for  the  mill  or  shipping  point.  Wire  ropes 
are  sometimes  taken  up  the  mountains  by  placing  part  of  tlie 
rope  on  one  animal,  part  on  another,  and  so  on,  care  being 
taken  not  to  overload  the  animals.  Fig.  75  shows  a  pack 
train  ready  to  start  into  the  mountains  with  wire  rope.  The  end 
section  of  the  rope  is  coiled  on  the  foremost  animal,  the  next 
section  on  the  second,  and  so  on,  the  stretches  of  wire  rope 
connecting  the  sections  swinging  between  the  anincials. 
This  is  almost  the  only  practicable  way  of  transporting  lonz 
wire  ropes  to  difficult  places  in  the  mountains. 

86.  Wagon  Trains. — Where  wagons  are  used  for  trans- 
porting ore,  supplies,  or  other  materials,  it  is  a  common  prac- 
tice to  use  one  lead  wagon,  hitch  two  or  three  trail  wagfons 
behind  it,  and  then  draw  the  entire  load  by  means  of  a  teatn 
of  from  twelve  to  sixteen  horses  or  mules.  The  advanta^^ 
of  this  method  is  that  one  driver  can  handle  a  very  mnch 
greater  weight  of  freight  than  would  be  possible  if  the  teai^^ 
were  divided  up  among  the  wagons  and  a  driver  provided  f ^^ 
each.  Another  advantage  is  that,  when  a  difficult  hill  *^ 
encountered,  the  wagons  can  be  separated  and  all  the  tea^^ 
employed  for  taking  the  individual  wagons  up  the  hill. 

Wagons  for  hauling  freight  should  have  wide  tires,  in  or^^ 
to  make  hauling  easy  and  avoid  cutting  up  the  road,  as  n^^' 
row  tires  on  a  heavily  loaded  wagon  will  do.     Drivers  s^^ 
learn  the  good  and  bad  places  in  roads  and  just  how  m^^ 
their  animals  can  pull  over  them  without  injury. 

87.  Traction    Engines. — In    some    localities   tract i^ 
engines  are  employed  for  drawing  freight  wagons  in  tra^^^ 
of  from  two  to  twelve.     This  method  of  transportation  h^^ 
been  found  especially  suited   to  the  borax  industry  in  tl^^ 
deserts    of    Western    America,    particularly    in    California' 
Automobiles   also   are  coming    into  use   for   transportation 
purposes,  and  will  be  of  great  service  in  dry  and  barrel^ 
localities  like  Death  Valley,  Nevada,  and  other  parts  of  the 
Great  American  Desert. 
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WIRE- ROPE  TRAM  WATS 

88,  The  wire-rope  or  aerial  tramway  is  independent  of 
liflEermces  in  elevation  and  can  pass  over  a  country  havinif  a 
Vtry  rough  profile,  as  .shown  m  Fig.  76,  which  illustrates  one 
of  lbe*e  tramways  used  for  transporting  ore  from  a  mine  to 
tlie  mill  The  conditions  to  be  established  in  aerial  tramways 
art  siiaight  lines  from  the  loadingf  to  the  discharging  points, 
Mig  $pans,  and  sufBcieot  carrying  capacity.  The  tramway 
in  Fi^.  7G  has  a  length  of  9,000  feet  with  a  span  of  1,173  feet 
Over  the  town  of  Wardner,  Idaho.  Its  capacity  Is  400  tons 
^h*  The  difference  in  level  between  the  mine  and  the 
niill  is  718  (eet.  This  ts  sufficient  to  work  the  tramway  by 
levity  and  furnish  some  power  for  hoisting. 

89»  The  Blelcli**rt  Hyj^ttMii*— The  Bleichert  system  was 
^uiToclticed  into  thi^  country  by  the  Trenton  Iron  Company. 
The  loads  are  suspended  from  carriages  that  run  on  station- 
■^^  cables  and  are  moved  by  an  endless  traction  rope.  The 
^^ck  cAble  is  suspended  between  towers  of  wood  or  steel 
placed  at  desired  intervals.  The  descent  of  the  tramway 
°^ay  be  made  so  rapid  and  regular  that  loaded  buckets  in 
^^cui  win  exert  sufTicient  power  to  overcome  the  friction 
of  the  ropea  and  pull  up  the  empty  buckets  as  well.  In  case 
tne  fall  is  not  sufficient  to  work  the  system- by  gravity,  or  in 
^'^seihe  tramway  has  an  up-hill  inclination  that  largely  offsets 
*^e  down-hill  inclination,  it  will  be  necessary  to  make  use  of 
^'^^  pom^er  to  move  the  loaded  and  empty  buckets, 

^^'  rt  system  is  known  as  the  double-rope  system, 

in  onder  to  distinguish  it  from  the  Halliday,  or  single-rope, 

'®-  Bl^tchcrt  t  rack  Cable* — Any  good  wire  rope  will 
•"^^^r  as  the  track  cable,  but  tlie  locked  coil  rope  shown  in 
•  't£'  77  h  recommended,  since  the  carriage  wheels  will  wear 

*^^  *''        V  [rig  on  twisted' wire  rope.     On  compara- 

^^  -  rope  sustains  the  weight  of  the  carriage^ 

t,  and  the  ore,  besides  the  weight  ©f  the  traction 

^      'ttween   supports.    The  ropes   may   be  obtained   in 
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lengths  of  froin  800  to  2.400  feet,  but  such  lengths  are  very 
icavy  and  cannot  be  transported  readily,  so  that  in  most 
itaDces  couplios^s  are  imperative. 
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tnce  the  rope  must  offer  a  uniform  surface  to  the  trolley 
lwheclii«  the  coupling  shown  in  Fig*  78  is  employed.     It  is 
I  made  in  two  parts»  with  an  opening  in  each  into  which  the  rope 
ia  tnnaried.    The  opening  is  funnel-shaped  inside;  hence,  the 


Fig.  78 

^  le  wires  are  spread  apart  and  the  intervening  spaces 

W'-   :        ri  wedges  and  conical  rings  driven  in  lightly.     The 
***!  vea  are  joined  by  m  plug  with  right-  and  left-hand  threads. 

^1.    Tension  of   Wire  Ciililes.^When  a  wire  rope  is 
1  between  towers  of  an  aerial  tramway*  it  will  sag 
'»wn  weight  and  form  a  catenary  curve*     At  ihe 
=ri  %^f  of  ihe  span  diere  will  be  a  horizontal  distance  where 
*"€  i%  tension  due  to  the  weight  of  the  rope  on  each  side 
9*       mhc  center.     If  the  cable  is  loaded  the  tension  will  be 
iT'cased.     The  deflection  will  increase  with  an  increase  in 
''  "  '     ice  the  tension  \vill  increase  correspondingly- 

!  at  the  point  of  greatest  defiection,  where  the 

IcB'V^le  t>econies  horizontal,  equals  the  load  between  the  points 

I  *^    Mbch  a  horizontaj  line  from  the  top  of  the  lower  tower 

W^^dsects   llie  cable*    multiplied   by  the   distance   between 

t'^^«e  points  of  intersection  divided  by  eight  times  the  deflec- 

W^n  below  this  line.    The  tension  at  either  tower  equals  the 
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square  root  of  the  sum  of  the  squares  of  the  horiz 
tension  so  obtained,  and  of  the  load  between  the  towe 
the  point  of  greatest  deflection.  When  the  towers  ai 
the  same  level  this  becomes: 

Tension  at  center  of  span  =       total  load  X  span_ 

deflection  of  cable  X  • 

Tension  at  towers  =  ^(tension  at  center) *+(-^-^—-^ 

Length  of  catenary  span  =  span  +  (deflection  of  cable] 

span  X  3 

92,  Deflection  of  Wire  Cables. — The  following 
eral  formula  will  be  useful  in  determining  the  defle( 
corresponding  to  a  given  tension  at  all  points  of  a  suspe 
cable,  either  sustaining  a  concentrated  load  or  without 
and  also  the  tension  corresponding  to  given  deflections 
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In  Fig.  79,  let  s  =  span,  or  distance  A  B,  between 
ports; 
PI  and  ?i  =  arms  into  which  span  is  divided 
vertical    through    point    of    d 
tion  Xy  m  representing  the  anr 
responding  to  the  loaded  side 
y  =  horizontal  distance  from  load  to 
of  support  corresponding  with 
w  =  weight  of  the  rope  per  foot; 
^  =  load; 
/  =  tension; 

h  =  required  deflection  at  any  point  ^ 
All  measures  are  to  be  taken  in  feet  and  pounds. 
Then,  for  deflection  due  to  rope  alone, 

n  =     -  -    at  AT,  or  -       at  center  of  span. 
2/8/ 
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For  defection  due  to  loa<3  alone, 

h  =  ^^^  at  jc,  or  "f—  at  center  of  span* 

if  y  ^  ^,  then  k  =  ^''  at  ,r,  or  ^  at  center  of  span, 
2  2t  At 

^  y  =  jw,  then  k  —  ^^  at  jr,  or  ^  at  center  of  span. 

^or  total  deflection, 

^  —   -  —   "  o     ^^_-^  at  jr,  or J — ^^  at  center  of  span, 

2  /i  o/ 

tf>    =|.then 

'^  >•    =  m,  then 
.  5--^^  at  ,,  ,r  - ^-±-2/-i  ,t  center  of  span. 

r^*"*^^ — U  th«  teustoo  is  required  for  a  given  deflection,  Cmospo^e  t 
^^iti  the  formula  just  given  ♦ 

Llmtte  of  8paiii — ^The  cables  of  wire-rope  tram- 
^*ys  must  be  drawn  tight  id  part  by  mechanical  meansj  but 
'  ^sing  such  tightening  devices  the  rope  must  not  be  over- 
Jed  in  order  to  reach  the  desired  deflection.     Wire-rope 
*^*Ays  have  their  loads  distributed  over  the  entire  line, 
^  load  on  one  span  balances  a  load  on  another.    The 
'Wts  oi  the  spaa  depend  on  the  contour  of  the  ground,  and 
^coas^q^^^jly  ij^ygt  t)e  longer  over  ravines  than  on  levels; 
^^  *t  is  not  advisable  to  erect  high  towers  in  order  to  obtain 
iQs»  for  the  reason  that  they  are  expensive,  are  more 
•  damage,  and  cause  more  tension  on  the  rope. 

^4»    The  tmctlon  rope  may  be  ordinary  wire  rope;   on 
^Paratively   level  lines   it    is    subjected   to   very  slight 
strains     On  .slopes,  however,  the  weight  of  the  load  pro- 
lo^a«:<^  a  tension  that  increases  with  the  degree  of  indiiia- 
I  '*^»  lust  as  in  the  case  oi  hoisting  ropes. 

^S,    x\\e  8it|i|iorts,— The  towers  for  the  cable  and  the 
^'^cm  rupe  may  be  of  wood  or  iron.     Their  height  and 
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Strength  depends  much  on  the  contour  of  the  ground.  Oi 
level  ground  their  height  will  depend  on  their  distancci 
apart,  which  may  be  from  150  to  200  feet.  Fig.  80  shows  a 
steel  tower  for  level  ground;  a  is  an  arm  for  the  cable  from 

which  the  bucket  is 
suspended;  b,  b  are  the 
rollers  that  carry  thesa? 
in  the  traction  rope;f.f 
are  the  guides  to  prevent 
the  traction  rope  from 
getting  under  the  trac- 
tion-rope arms.  Where 
a  tower  is  above  a  ridge 
and  the  inclination  i* 
sharp,  rail  stations  ar< 
introduced;  these  cot 
sist  of  a  series  of  beti^ 
supporting  rails  tb 
overlie  the  track  cab 
and  save  it  from  exce^ 
ive  wear.  Wood^ 
towers  are  not  so  ^ 
pensive  as  steel  ar 
often  answer  evei 
purpose. 

Fig.  81  shows  a  si^ 
view  and  an  end  vis 
of  a  wooden  towe 
a  being  the  carrier  arr 
and  b  the  traction-roi: 
arm.  The  size  of  th 
timbers  for  woode 
towers  varies  with  th 
design  of  the  tower  principally,  but  depends  also  on  the  rop 
tension  due  to  the  weij^^ht  of  the  rope  and  its  load. 


96.     The  Bucket. — While  wire-rope  tramways  are  ab! 
to  carry  logs,  rails,  and  other  mine  supplies,  their  particulJ 
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object  is  the  traosportation  of  mioeral.  The  buckets  for  thi 
purpose  are  usiially  of  steel,  arranged  so  tliat  they  can  b^ 
dumped  automatically  or  by  hand.  In  Fig*  82 »  a  is  th  ^ 
carrjnng  cable:  ^,  the  traction  cable;  r,  the  trolJey;  </,  tli  ^ 
traction-rope  grip,  so  arranged  that  it  can  be  fastened  or 
unfastened  by  lowering  or  raising  the  lever  €\  and  /,  ther 
buckett  pivoted  on  bails  at  each  end  and  supplied  with  ^ 
handle  g  to  upset  it. 

97.  HalHUMy  Wire-Rope  Way,— The  Halliday  wire- 
rope  way  consists  of  an  endle&s  moving  wire  rope  that  car- 
ries the  ore  buckets*  The  power  for  the  railway  ia  obtained 
from  the  loads  when  the  inclination  is  8°  or  more,  and  trom 
external  power  when  the  delivery  point  is  higher  tban  the 

loading    point*  c>t 
when  the  line  has  less 
than  S^  of  inclination- 
When  the  inclination  ^ 
considerable,  sufficie^^ 
power  is  furnished  ^^ 
the  descending   lo^*^^  | 
to  carry  supplies  bB^ 
to  the  mine  as  well 
the  empty  buckets- 

98.    The  towe* 
for  this  system  are  t>^ 
so  expensive  as  fa*' 
double -rope  syst^*^^ 
The  tower  in  Fig* 
is  braced  for  the  ^^ 
of  a  steep  inclinet 
sheave   wheels    bci^ 
four  on  a  side,  in  orci* 
to  prevent  too  great  beodingt  and  hence  wearing,  of  ^^  \ 
traveling  rope  at  this   point.     Other  towers  are    provide 
with  two  sheaves,  one  for  the  going  and  one  for  the  comi*^^ 
buckets.     The  sheaves  are  provided  with  deep  Banges   **^^ 
prevent  the  rope  leaving  the  grooves, 
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p  is  shown  in  Fi^,  84.     It  consists  of  e 

ap  ^,  a  key  r,  and  a  bolt  and  nut  <L  The 
adjs  the  rope,  and  by  means  of  the  bolt,  nut,  and 
le  clip  in  po si- 
trap  when  worn 
replaced  with  a 
'he  key  is  used 
iZ  up  the  strap 
£  wears  smaller. 

e  bnekete  may 
Ittotn  dtampers; 
n  Fig.  85  is  an 
ottom  dumper. 

the   bail  a   is  ^'o- ^ 

\e  sides  of  the  bucket  d  so  that  there  Is  no 
the  bucket  reaches  the  unloading  point,  the 
ES  the  pin  d,  which  unlatches  the  door  and  per- 
be  discharged,  the  door  being  hinged. 
After  the  load  is  dis- 
charged, the  weight  e 
on  the  end  of  a  lever 
shuts  the  door  and  the 
'^l         latch  holds  it  closed. 

101,     The  Mechan- 
ical Ijoa<Iei%^Fig.  ^6 

shows  an  end  and  side 
elevation  of  a  mechan- 
ical bucket  loader  a.  It 
is  placed  in  front  of  an 
ore  bin  S  and  receives 
the  ore  from  the  chute  t. 
The  device  consists  of  a 
penduhim   tf,   swinging 

bout  20  feet  above  the  moving  cable.  The 
which   contains   when    loaded   enough  ore 

kett  is   attached   to    the   lower  end  of  the 
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The  hopper  has  two  sides,  a  back,  and  a  sloping:  bottom  ; 
the  front  of  the  hopper  is  open.  While  the  hopper  is  bein^ 
loaded  it  is  held  between  a  guide  and  a  fixed  door,  whict* 
closes  the  opening.  The  hopper  box  is  released  by  th^ 
clip  on  the  moving  cable  to  which  the  carrier  is  suspended 
and  which  as  it  moves  along  raises  a  latch.  When  the  load^ 
ing  box  is  released,  the  ore  carrier  is  immediately  under  the 
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nose  of  the  loader  box  ready  to  catch  the  contents  of  the 
box.  The  clip  on  the  moving  cable  then  pushes  the  hopper 
out  from  behind  the  fixed  door,  at  the  same  speed  as  the 
carrier,  and  thus  opens  up  the  front  of  the  loader  box  and 
lets  the  contents  pour  into  the  carrier.  The  swing  of  the 
pendulum  raises  it  sufficiently  high  after  a  few  feet  of  travel 
to  clear  the  rope  clip,  and  the  pendulum  with  the  empty  hop- 
per swings  back  by  gravity  in  between  the  guide  and  the 
bulkhead,  ready  to  receive  another  load  of  ore  from  the 
ore  bin. 
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102*    Capacity  of  Wlr©-Roi>€f  TraniTv^ays. — The 

Bunker  Hill  and  Sullivan  wire-rope  tramway  averaged  about 
107  buckets*  holding  732  pounds  each  per  hour;  for  10  hours 
this  would  be  390  tons.     It  also  conveyed  back  to  the  mine 
1^)  cords  of  wood  per  day,  and  could  carry  more.     The  oper- 
ation of  the  road  by  gravity  also  develops  some  power,  which 
is  used  for  hoisting  purposes.     There  are  127  buckets  on 
Inline  placed  140  feet  apart»  and  it  is  on  the  number  of 
I  buckets  that  the  capacity  of  such  tramways  depends.    If  there 
I  wi*re  254  buckets  placed  70  feet  apart,  the  capacity  would  be 
[doubled,  the  rate  of  speed  remaining  constant. 

The  longer  the  tramway,  the  greater  will  be  the  number 
foj  backets  retiuired  to  transport  a  given  quantity  of  are  in  a 
ivea  time, 

103,     Cost   of    WIre-Uope    Tramways  •—The   cost  of 
|riTe-rope  tramways  of  the  double-rope  system  is  somewhat 
than  for  the  **ingle*rope  system,  and  either  will  cost 
U  as  much  to  install  as  a  mine  railroad  for  the  same  dis~ 
!3ce  alon^  good  ground.     But  wire-rope  tramways  are  use- 
for  almost  inaccessible  places,  and  under  such  conditions 
not  to  be  compared  in  cost  with  any  other  system  of 
isportalion.     When  the  plant  is  installed,  the  cost  of  han- 
ling  material,  loading,  dumping,  etc.  is  about  10  cents  per 
i»  but  this  can  be  reduced  at  large  plants  to  8  cents  per  ton. 
is  price  supposes  wages  to  be  $3  per  day,  which  is  at 
presefit  the  average  in  Western  America. 

104,     CaUli'i^^ys  differ  materially  from  wire-rope  tram- 

lys,  fiioce  tiicy  are  used  both  for  hoisting  the  ore  from  the 

»e    and   for   traDsporting   it   to   the  place   of  shipment. 

Ig,  87  sihows  the  open-cut  workings  at  the  Tilly   Foster 

mine  in  New  York  State.     In  the  figure,  cableways  with 

iir  carriages  and  cars  are  seen.     The  carriages  ran  out  on 

ropes  a  certain  distance. carrying  with  them  the  car  body; 

%oon  as  iJie  carriage  stops,  the  car  body  begins  to  descend 

|to  ihc  nit,  where  it  is  deposited  on  a  car  truck  and  pushed 

th  IX  place.     When  loaded,  the  car  is  pushed  under 

c— »..»bvf  hooked  to  the  hoisting  cable,  and  hoisted  until 
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carriage  is  a  fall  rope  r,  which  is  connected  with  the  drum  of 
a  hoisting  engine  at  one  end  and  with  the  bucket  e^  Fig.  "^^^ 
at  the  other.  The  fall  rope  passes  half  around  the  pulley  p, 
then  half  around  the  block  d^  up  to  pulley  /,  and  then  down 
through  the  block  to  the  car  at  e.  The  traveling  rope  g 
moves  the  carriage  to  the  dump,  holds  it  there,  and  permits 
the  rope  c  to  tilt  the  bucket.  The  bucket  is  next  lowered  to 
its  normal  position,  moved  back  by  the  .traveling  rope,  and 
lowered  into  the  pit. 

MILLS  AT  MINES 


REDUCTION  PLANTS 
106.     Gold  Stamp  Mills. — Occasionally,  ore  is  delivered 

directly  from  the  mine  to  the  mill,  and  in  such  cases  special 
pockets  for  loading  cars  are  advisable.  This  arrangement  is 
economical,  and  is  to  be  recommended  for  small  mines 
remote  from  ore-shippinij  facilities.  The  best  locations  for 
such  mills  are  hillsides,  on  account  of  the  convenience  of 
receiving  ore  from  higher  levels  and  allowing  it  to  descend 
from  point  to  point  as  it  is  needed.  The  cross-section.  Fig.  90, 
sht>\vs  the  car  dumping  the  ore  over  a  grizzly.  The  ore  that 
passes  over  the  grizzly  goes  to  the  crusher  floor,  thence 
ilui>ngh  the  crusher  to  the  ore  bin,  where  it  mixes  with  the 
iMV  that  fell  through  the  grizzly.  The  ore  next  passes 
ihroiii^h  a  gate  into  an  automatic  ore  feeder  that  supplies 
ihr  stamps.  From  the  stamp-mill  mortar  the  ore  passes  as 
pulp  over  the  amalgamating  plates,  and  from  there  to  the 
.  »»«hiM\HMiing  tal)les— an  arrangement  not  always  necessary 
NMiU  tn'oinilling  ores,  but  necessary  for  refractory  ores. 

r»i'  *U  shows  a  sectional  elevation  of  a  double-stamp  mill; 
»Sv  Ni.itnps  arc  placed  in  double  rows,  in  order  to  increase 
i'u  mtiwlHT  ^A  stamps  under  one  roof  and  lessen  the  lengths 
.■I  .uu:U-  \\\\v  shafting.  Beginning  at  the  top,  the  grizzlies 
II.  .Ux»\\u  .11  «/,  the  crushers  at  l\  the  ore  bin  at  r,  the  ore 
ii .  xU  .  .  .ii  .:'.  ihr  stamps  at  t\  the  plates  at  /,  and  the  launder 
a  ,.  \\u  Vwwx  leading  to  the  settling  tank  or  pond.     Where 
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a  large  number  o(  stamps  are  to  be  used,  and  the  ground  is 

inparaiively  level,  double-stamp  mills  are  preferable  to 
igle-Hiamp  mills. 

Elevators  and  conveyers  have  proved  so  efficient  at  mills 
H  gravity  or  side-hill  construction  is  being  abandoned 
Jrevcr  possible,  particularly  at  large  mills*  Practically 
leVeJ  ground  i%  being  picked  out  for  mill  sites*  On  such 
P^Urnl  expensive  retaining  viral  I  s  are  avoided,  as  well  as  ore 
ctiutes.with  their  clogging  and  frequent  repairing.  Another 
"^vantage  obtained  by  constructing  mills  ou  level  ground  is 
J  thai  employes  are  not  compelled  to  tire  themselves  out  by 
|cltmbing  and  descending  steep  stairways;  hence,  they  can 
^oinpilsh  a  better  day's  work* 

IO7,     811  vur  Mlil^. — Silver   stamp   mills  do  not  differ 

»rn     gold    stamp   mills   until    after   the   pulp  reaches  the 

^t^ling  tanks.     At  this  point  the  excess  of  water  ts  drained 

^tid  the  thick  pulp  shoveled    in    regular   charges   into 

'^^  pans,  in  which  it  is  worked  for  several  hours 

*^  ■  tin  the  precious  metals  in  the  form  of  amalgam, 

I^an  digestion  being  completed,  the  contents  are  run  into 

settlers  J  where  ciuick  silver  in  the  form  of  amalgam  and 

*^     mercury  settles  to  the  bottom.     The   quicksilver  and 

*^l^am  arc  at  once  separated  from  the  rest  of  the  pulp  by 

1  finally  the  amalgam  is  separated  from  impurities 

^*  ■  ii-up  pan.     A  wet-crushing  silver  mill,  such  as  has 

f^^    been  described,  is  shown  in  Fig.  92.     In  the  figure,  a  is 

'  ^  ^xiizly,  if  the  rock  crusher,  c  the  ore  bin,  d  the  ore  gate, 

*^   ijuiomatic  ore  feeder,  /  the  stamp  battery,,^  the  battery 

^^^,  k  the  launder  leading  from  the  battery  plate  to  the 

^^liiig  tank  /,  m  the  amalgamating  pan,  n  the  settling  pan, 

^  «*  the  mercury  and  amalgam  trap. 

,  '08,     liry-Crit  sill  nil   Bilker    Mill.— The    dry-crushiog 

*^*Ver  mill   is  intended   for  refractory  ores   that   must   be 

'     rior  to  amalgamation*     It    differs  from    the    mill 

^^'  by  having  the  drier  placed  between  the  ore  crusher 

^ti4  ||j^  AlampH,  which  in  this  instance  crush  dry.     The  ore 

®^5  be  run  in  chutes  lined  with  sheet  iron  from  the  driers 
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to  the  automatic  feeder.  The  pulverized  product  from  the 
stamps  is  carried  by  scraper  or  screw  conveyers  to  bucket 
elevators,  which  discharge  into  the  hopper  of  the  roasting 
furnace.  The  ore  in  the  furnace  is  desulphurized  and  also 
chloridized  by  the  addition  of  salt,  thus  preparing  the  pulp 
for  what  is  known  as  barrel  amalgamation. 

In  Fig.  93  is  shown  a  dry-crushing  silver  mill  in  which  a 
are  the  grizzlies;  b  is  the  crusher;  r,  the  ore  bin;  ^,  the  drier, 
/,  the  stamp  battery  of  twenty  stamps;  g,  the  screw  conveyers, 
one  on  each  side  of  the  battery  (the  mortar  in  this  case 
being  of  the  double-discharge  pattern);  A,  the  furnace;  /,tVie 
amalgamating  pans;  and/,  the  settlers. 

At  some  dry-crushing  mills,  the  ore  is  broken  by  rolls  a-t^^ 
properly  sized  for  the  furnace  by  means  of  rotary  scree ^"' 
One  great  objection  to  this  method  is  the  dust  created  by  ^ 
several    crushings    and    resizings;    this    dust   can   only 
recovered  by  the  use  of  exhaust  fans,  blowers,  and  sett^^ 

will  occur  through  valuable  dust  settling  on  belts  ^^ 
journal-boxes  with  destructive  results.  Notwithstan^  ^ 
these  disadvantages,  the  system  produces  an  incre£?«-  ^^ 
.imount  of  fine  ore  in  a  given  time,  though  at  the  exp^  ^' 
ot  power. 

HMK     Elevators  and  Conveyers. — Since  the  introcJ  ^ 
;■..-.'.  v^t  elevating  and  conveying  machinery,  the  handling 
•".;:;". :.»!  at  mines  has  been  almost  revolutionized.    The  (r^" 
.'     '  ;-.'..;linir  has  been  lessened,  thereby  increasing  profits  f^ 
••  :v   '•.:   it   piwsible  to  treat  and  handle  large  quantities 
..  :  ,  ■  ■  .;*      Conveying  and  hoisting  machinery  includes  buct^  ' 
.'  '\  .*\  .'•.  N.  wire-rope  tramways,  elevated  railways,  cablewa<^ 
,  ■  '  ,  -.  "•'v'ver  eranes.     These  numerous  devices  have  mo^^ 

s  \\\\\  permit  them  to  be  adapted  to  the  work  to  '^ 

.    .-,5       pi;o  in tH'd notion  of  tliis  class  of  machinery  h^^ 

",'•.  .Me  to  plaee  in  ills  on  ;::round  that  would  at  of^ 
■'■\,-    *'ee".   eonsidered   unlit    tor  the  purpose.     If  tl^* 
.  ,    ■  I--.-.*  .\\\\\  the  cost  of  p()wer  is  not  excessive,  th^^ 
.    ■.    .     ■  ;..J.  vMi  level  ground  and  still  the  cost  of  handling 
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his*  mill   machinery,    and   pumping  machinery.     If   the 
iwer  required   is   steam,   arrangements   should   be   made 
a  central  boiler  house»  from  which  steam  can  be  trans- 
ted  to  the  various  buildings  by  suitable  pipes,  covered 
loss  of   power  by  radiation  and  condensation* 
u  boiler  plant  would   not    be   profitable   if   the 
iings  containing  the  engines  were  far  apart.     If  pos- 
the  boiler  house  should  be  so  situated  that  fuel  can 
imped  into  itii  lull  storage  bins  direct  from  the  cars; 
these  bins  should  be  large  enough  to  contain  a  supply 
ii     *       t   2  months.     At  some  mines  the  boiler  plants 
[t;  jborate^  and  if  the  plant  is  a  large  one  it  pays  to 

iftke  them  so.  Fig.  95  shows  a  mine  boiler  plant  fitted  with 
Slum-tubular  boilers^  mechanical  stokers  a,  and  coal  hop* 
i  for  feeding  coal  to  the  stokers*  The  boiler  plant  is 
aat  200  horsepower  and  is  attended  by  one  man*  The  coal  r 
ends  to  the  floor  by  gravity  from  the  coal  bin  outside,  and 
ivelcd  into  the  hoppers  by  the  fireman*  In  larger  plants  * 
be  hoppers  jire  sometimes  fed  by  conveyers,  doing  away 
jtirely  with  handling  coal  between  the  bin  and  the  furnaces* 
the  ashes  are  removed  by  scraper  lines  in  the  bottom  of  the 
-pjl,  running  at  right  angles  to  the  front  of  the  boiler 

111.     Wiitcsr- Power. —Some  mines  are  so  located  that 

r  IS  available  for  the  generation  of  compressed 

fc  ridty*     It  is  usual  now  to  employ  an  impulse 

^lieel  or  turbine  for  power,  since  such  water  wheels,  where 

^      ^ht  of  fall  available  is  considerable,  are  capable  of 

,;;*  great  power. 

112«     Klectrlc  Power.  ^Electric  power  can  he  trans- 
ted  long  distances  from  the  place  where  it  is  generated. 
^nd  cnn  then,  by  the  use  of  suitable  motorSi  be  converted 
no  mechanical  power  for  hoisting,  drilling,  and  pumping* 
installrition  of  electric  plants  costs  more  than  steam  or 
—       1-air  plants,  but  such  plants  are  less  expensive  in 
a  where  water-power  is  available* 
An  eiecinc-power  plant  also  furnishes  light,  which  is  much 
eeded  about  mines  and  mills;  often  it  is  considered  advisable 
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to  install  electric  plants  for  light  alone,  using  steam  to  gen- 
erate the  electricity. 

Electric  mine  drills  have  not  yet  proved  satisfactory;  but 
sometimes  electric  motors  are  connected  to  air  compressors 
for  the  purpose  of  furnishing  compressed  air  to  rock  drills. 

113.  Compressetl-Air  Power. — Compressed  air  may 
be  transmitted  to  a  considerable  distance  from  the  com- 
pressor, and  in  many  instances  is  preferable  to  electricity. 
It  may  be  used  for  running  rock  drills,  engines,  pumps,  and 
driving  electric  motors.  When  the  compressor  is  run  by 
water-power,  the  cost  is  small  compared  with  the  cost  of  one 
run  by  steam. 

Compressed-air  transmission  plants  are  now  in  use  at  a 
number  of  ore  mines.  Where  a  compressed-air  transmission 
plant  is  employed  at  a  mine,  an  electric-light  plant  may  be 
maintained  through  a  dynamo  driven  by  an  engine  using 
compressed  air.  On  account  of  the  fact  that  an  electric 
plant  can  furnish  both  power  and  light,  and  that  compressed 
air  is  not  generally  required  in  mills  or  factories,  electric- 
power  transmission  plants  are  very  much  more  common 
than  compressed-air  transmission  plants;  but  where  the  plant 
is  installed  tor  mining  purposes  only,  the  engineer  will  do 
well  to  tij^ure  the  advantages  of  each  system  before  deciding 
in  favor  of  one  of  them. 

111.     1  Ornish    Punii>in^    Plant. — When    pumping  ^^ 

done  ihrk^v.v^h  iwv^  or  more  shafts,  the  pumps  are  sometimes 
oper.ned   by   ir.eans   o:   rods,  as   in  the   Cornish   system  o* 
prjr.pin^:.     Fi^:.  ^HJ  illustrates  an   arrangement  in  which  an 
ei^.^ir.e  i^  loc.neo.  between  two  shafts.  A  and  B.     The  pumps 
in  both  shafts  .ire  operated  by  rods,  which  are  connected  to 
tht^  e:uls  ot  ilie  bobs  at  r:  the  engine  drives  a  large  cranK 
ai  ;.-.  aiu:  ir.e  rvHis  operating  both  pumps  are  connected  to 
this  evar.k.      Tlie  tirst  rods  i.c  are  pivoted  at  /  and  g]  tbc 
evMi'.ieoiiiii^-vovis  ihai  rv.n  lo  the  shafts  slide  backwards  and 
forwards   over  the   rollers   shown  at  /.     At  the  other  ends 
of  the  ho:i.vMiia!  rods  tb.ere  are  pivoted  rods  r/i,  which  opcf 
ate  the  bv4^s  i\:\.     These  bobs  rest  on  piers  at  d  and  arc 


and  over.-.r't  •^- 
Somei-.r.tv  "Ufc  --- 
and  the  rvii  v  err- 
and g  e:*  -»n.^.-. 
Wherever  rr-  iiiz- 
against  *iL-:   rjiji-^ 
econona:ial  5rjc;wrL.-r 
many    i-r.5SiL-»;i   i^,--. 
pumping  -'anr  i   -.i^ 
pumps  :a  c  an^s  t,^ 

115.      !M*! 

or  Electri*.  fva,^,... 

Sometimes  tjttrtrsnr    i^. 
pressed  s:-  /.  -airsr^ 
shaft    to   'STi'irxTUBf 
advantage  '.«:  tm- 1*54^^,- 
are  no  p -re-  riiu.-^  i«fcw^ 
up  and  cov:.  a.  to;  ^|^ 
steam  or  eL*r-.rji.  j^^  ^ 
and  the  mint  tt««: 
with    water.  tii0»  . 
bemg  f:Die  tv  S]«i&» 
un water  the  ^tts^i^ 
'  pumps  were 
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also  require  a  pumping  plant  to  furnish  water  for  general  nsc 
at  the  boilers,  at  wash  houses,  and  for  protection  against 
fire.  Special  pumping  plants  may  also  be  required  to  fur- 
nish large  volumes  of  water  for  the  plant  used  in  washing  or 
concentrating  the  ore. 

1 16.  Sliops. — Few  ore  mines  have  machine  shops,  it 
being  more  economical  to  keep  duplicate  parts  of  those 
machines  most  in  use,  such  as  pumps,  compressed-air  drills, 
compressor  valves,  etc.  At  some  large  mines,  situated  some 
distance  away  from  public  repair  shops,  machine  shops  on  a 
small  scale  are  a  necessity.  At  those  mines,  however,  which  I 
are  only  a  short  distance  from  public  machine  shops,  a 
machine  shop  would  be  an  expensive  luxury.  To  do  any 
large  piece  of  work  requires  large  machinery  and  tools;  and 
to  repair  the  stationary  parts  of  machinery,  requires  a  foundry 
as  well  as  a  machine  shop.    A  small  machine  shop,  containing 

a  drill  press  and  lathe,  a  pipe  cutter  and  threader,  orannt- 
and  bolt-thread  cutter,  may  be  advantageously  attached  to 
the  carpenter  and  blacksmith  shop  of  any  fair-sized  mio^' 
and  while  it  is  not  a  necessity  it  will  be  found  to  be  a  Z^^^ 
convenience  and  time  saver.     The  shop  should  be  placed 
where  power  can  be  obtained  from  the  regular  power  plat^^" 
At  mines  having  large  stamp  mills,  the  blacksmith  shop 
should  be  supplied  with  a  small  trip  hammer  for  the  purpose 
of  welding:  broken  stamp  stems  and  car  axles,  and  for  doii^S 
similar  heavy  work.     Where  a  trip  hammer  is  to  be  used*  ^^ 
is  essential  to  have  a  good  forge  with  wind  blast  in  order  ^^ 
heat  uniformly  the  parts  to  be  welded.     Since  the  carpeD^^^ 
shop,  blacksmith  shop,  and  machine  shop  together  do  O^ 
take  up  much  space,  they  can  be  placed  under  one  roof;  t^^ 
fact  that  they  are  more  or  less  interdependent  is  an  additioO^ 
reason  for  keeping  them  together  wherever  possible. 

117.  Ore  Dressing:  at  Mines. — Power  for  concentT^' 
ting  mills  may  be  taken  from  a  central  power  plant;  but,  ^- 
a  usual  thing,  unless  the  mill  is  driven  by  electricity,  it  h^- 
a  power  plant  of  its  own.  Picking-belt  machinery  require- 
considerable  power,   since  the  ore  is  crushed  before  it  i^ 


|48  AT  ORE  MINES  97 

placed  on  the  belt.  Jigs  require  the  ore  to  be  crushed  and 
sized  before  it  is  delivered  to  them.  Concentrating  tables 
necessitate  finer  crushing  than  jigs,  and  therefore  more 
machinery. 

In  some  cases,  power  is  not  required  for  ore  dressing,  the 
major  part  of  the  ore  being  of  such  a  nature  that  only 
cobbing  is  needed.  Picking  tables  may  be  moved  by  machin- 
ery or  hand;  if  power  is  available  for  the  purpose,  it  is 
generally  used.  Bucking  boards  or  tables  are  now  seldom 
seen  at  mines  for  ore  dressing. 


PREPARING  ORE  FOR  MARKET 

118.  The  plant  for  preparing  the  ore  may  be  simply  a 
crushing  plant,  which  crushes  the  material  after  it  is  hoisted 
and  before  it  passes  to  the  storage  bins  or  stock  piles,  from 
^Wch  it  is  to  be  loaded  for  shipment.  The  ore  may  be  both 
crushed  and  washed  to  free  it  from  clay,  unless  it  carries 
2old  and  silver,  in  which  case  it  becomes  amenable  to  the 
ore  treatment  in  practice  by  roasting  to  dehydration;  or  the 
P^t  may  include  sorting  tables,  belts,  or  floors,  either 
^sociated  with  the  crushing  and  washing  plant  or  separate 
from  them.  The  plant  for  treating  the  ore  and  recovering 
^ne  metals  is  sometimes  near  the  mine.  This  may  be  a  com- 
plete concentration  mill,  a  plant  for  the  recovery  of  gold  and 
^^l^er,  or,  in  exceptional  cases,  a  smelter.  When  possible, 
"iese  works  are  located  near  the  head-house;  but  occasionally 
"^cy  are  placed  at  some  distance  from  the  mine,  where  a 
"Ctter  supply  of  water  and  fuel  is  available,  or  where  there  is 
^  suitable  dump  for  tailings  or  slag.  Where  the  ore  is  merely 
to  be  cnished,  the  rock  house  may  be  a  portion  of  the  hoist- 
^Z  works;  the  skips  are  dumped  over  grizzlies,  the  fines 
passing  into  the  pocket  at  once  and  the  coarse  material  pass- 
^^i  to  the  hopper  of  a  crusher,  which  reduces  the  large 
pieces  to  a  suitable  size,  the  product  of  the  crusher  falling 
into  the  pocket  that  the  fines  passed  into.  If  more  extensive 
treatment  is  required,  a  more  extensive  plant  becomes  neces- 
sary.   The  general  design  of  the  works  will  depend  on  the 

155-17 
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character  of  the  ore.  These  matters  come  within 
ince  of  metallurgy,  although  some  knowledge  o 
necessary  to  the  mining  engineer,  who  may  have 
plans  for  the  arrangement  of  buildings  to  co 
metallurgical  plant. 

119.  Railroad  Connection. — In  planning  the 
ment  of  buildings  at  any  mine,  advantage  is  taken  < 
for  the  purpose  of  cheapening  the  handling  of  ore;  i 
the  mine  is  connected  with  a  railroad,  as  much  of 
as  possible  should  be  connected  with  the  railroac 
that  material  can  be  taken  away  from,  or  supplies 
to,  the  most  convenient  place. 

120.  Compactness. — The  plant  should  be 
without  increasing  the  fire  risk  by  having  the  buil 
near  together.  One  advantage  of  such  an  arranj 
that  the  haulage  of  ore  and  supplies  is  reduced  to  th 
possible  distance,  and  the  superintendent,  foreman, 
man  can  pass  over  the  ground  with  ease.  The  c 
offices,  repair  shops,  etc.  should  be  as  centrally  si 
possible,  and  if  the  mine  owns  the  houses  in  which 
live  and  maintains  a  company  store,  the  latter  s 
centrally  placed,  and  the  houses  should  be  so  an 
to  have  good  drainage,  light,  and  ventilation.  If 
all  buildings  should  be  in  reach  of  the  compan 
plant,  so  as  to  be  reasonably  safe  against  fire. 

121.  Handling  Powrder. — The  powder  ho 
mine  should  be  situated  where  it  cannot  be  afl 
l)lasts  in  the  mine  or  by  the  jar  of  the  stamp-mill  n: 
its  location  also  should  be  such  that  in  case  of  an 
the  surrounding  property  will  not  be  damaged.  T 
/.ino  should  be  close  to  the  railroad,  so  that  the  da3 
t>f  powder  can  be  brought  from  the  magazine  to 
i>n  a  {grampus.  The  powder  should  be  moved  in 
tiine,  when  the  men  can  see  what  they  are  doing 
siiiual  cars  out  of  the  way.  Powder  should  be  hai 
time  when  there  are  no  men  traveling  through  the 
at  the  stations  except  those  actually  engaged  in  th 
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ng  the  powder.  If  the  thawing  is  done  underground, 
3wder  can  be  taken  to  the  underground  magazine  at 
Caps  and  fuse  should  never  be  kept  in  the  same 
line  with  the  powder;  a  special  place  should  be  pro- 
for  them.  Where  large  quantities  of  powder  are  used, 
Xig  rooms  should  be  established  at  the  mine  and  one 
.  supply  of  powder  kept  in  them. 
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PRELIMINARY  OPERATIONS 

(PART  1) 


INTRODUCTION 

1.  Scope  of  the  Subject. — In  this  Section,  it  is  assumed 
that  the  mineral  deposit  has  been  proved,  by  prospecting, 
to  be  of  sufficient  value  to  warrant  the  outlay  necessary  for 
a  permanent  opening.  This  may  run  in  a  horizontal,  an 
inclined,  or  a  vertical  direction,  and  be  excavated  either  in 
the  deposit  itself  or  in  the  adjacent  country  rock,  depending 
on  the  inclination  and  character  of  the  deposit  and  on  the 
contour  of  the  surface.  Permanent  openings  should  not  be 
located  without  a  careful  consideration  of  the  data  obtained 
during  the  prospecting  period,  and  of  whatever  information 
may  be  derived  from  an  inspection  of  openings  on  adjacent 
properties.  In  case  the  prospect  opening  is  made  the  per- 
manent opening,  its  walls  should  be  supported  and  every 
care  exercised  to  make  the  opening  permanent. 

There  is  an   objection   to   using  data  derived  from  the 

practice  at  adjacent  properties;  namely,  that,  as  ore  deposits 

are  at  best  but  irregular,  it  is  not  to  be  taken  for  granted, 

L       because  the  adjacent  property  has  rich  ore  or  good  walls  and 

IL      easy  mining,  that  the  same  conditions  will  necessarily  pre- 

^     vail  close  by;  for,  as  a  matter  of  fact,  changes  frequently 

»     occur  in  a  mine  that  require  different  arrangements  to  be 

■    adopted    as    mining    is    advanced.      Various   devices   and 

methods  will  have  to  be  adopted  to  support  excavations, 

^  these  will  differ  according  to  the  material  penetrated; 
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so  that  in  some  cases  the  engineer  will  have  little  troubk 
while  in  others  his  ability  to  cope  with  difficulties  will  be  put 
to  a  severe  test.  The  scope  of  this  subject,  therefore,  will 
include  the  various  kinds  of  openings,  as  well  as  their  loca- 
tion and  the  methods  used  in  excavating  them. 

2.  Adit. — A  nearly  horizontal  passage  from  the  surface 
by  which  a  deposit  is  reached  for  exploitation,  drainage,  or 
transportation  is  termed  an  adit.  An  adit,  therefore,  is  a 
tunnel y  and  if  driven  in  the  deposit  is  called  a  £^n7/,  butii 
driven  to  intersect  the  deposit  at  an  angle  is  termed  a  ffii«*'  j 
cut  tunneL 

3.  Drift. — The  term  drift  has  a  double  meaning.  Adri^^ 
differs  from  similar  horizontal  or  nearly  horizontal  passages 
in  that  it  is  always  driven  in  ore.     A  drift  may  be  an  ad^^ 
when  the  latter  is  driven  in  ore,  and  it  may  be  a  nearly  hon- 
zontal  under g:round  passage  in  the  ore;  it  is  from  the  latter 
ineaninj^  that  the  term  drifting,   in  the  sense  of  makio^ 
passages  in  ore,  is  probably  derived.     This  definition,  ho^?^' 
ever,  distinguishes  such  a  passage  from  a  cross-cut,  whic" 
intersects  a  deposit,  or  from  a  level,  which  may  be  either  ^^ 
or  ofl  the  mineral.     Frequently,  the  term  drifting  is  appl*^ 
to  making  nearly  horizontal  passages  in  rock,  although  stt*- 
a  definition  is,  strictly  si)eaking,  not  correct  from  a  minii^^ 
standi)oint.     The  coal  miner  calls  an  adit  driven  in  a  mincr^ 
a  drift,  and  the  adit  mouth  with  him  is  the  drift  mouth* 

•1.  T.ovel. — An  underground  passage  excavated  alor^  ■ 
the  course  of  the  deposits,  either  in  the  mineral  or  in  tl^ 
cuuntry  rock,  is  called  a  l(»vi'l.  The  term  passage  suggest 
that  such  excavations  are  used  for  transportation,  which  i^ 
in  fact,  the  case  during  some  part  of  the  life  of  the  min^ 
and  th(^se  cross-cuts  that  connect  with  the  levels  and  through 
whicli  mineral  is  transported  to  the  shaft  are  termed  rnwf-^ 
Icvih,  A  level  may  be  driven  in  the  hanging  or  in  the  footT 
wall,  as  well  as  in  the  (lep<»sit,  and  in  ore  mines  a  series  o- 
levels  are  driven  at  reLj;iilar  intervals  one  above  the  othcr- 
'I'liis  is  shown  in  Fig.  1,  where  the  ore  is  represented  by  the 
dark  i)ortion  of  the  illustration.     The  white  spaces  at  regultf 
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atervals  are  levels  driven  in  ore,  while  the  passages  that 
tiaect  them  with  the  shaft  are  cross-cut  levels* 
In  order  to  distinguish  one  level  from  another,  cross-cut 
[levds  are  numbered  1,  2»  3|  etc.  from  the  surface  down,  or, 
h  m  feet  apart,  are  called  the  100^,  200-,  300-,  etc,  foot 
I  levels.  Whenever  a  level  is  particularly  rich  or  poor,  or  has 
mf  other  noteworthy  feature^  the  name  of  the  man  that  did 
I  ihe  driving  is  sometimes  given  to  it.     The  distance  apart  of 

levels  may  be  made  too  great,  notwithstanding  the  fact  that 
^  H  is  good  practice  to  keep  them  as  far  apart  as  is  consistent 
I  with   economical    and 
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[  ciecti ve  mining.     The     f 
c^rigiual  plan  in  ore  mines     ^ 
of  placing  levels  60  feet     f' 
mn  on  the  dip  of  the 
<i&posit  has   gradually 
w:en  supplanted  by  a  plan 
iovolving  still  greater  dis- 
*^ce3.    While  this  plan     ;. 
«  apparently   favorable » 

I  ii  is  not  entirely  so,  al- 

'  though  based  on  the  fact 

I  that  the  ore  is  blocked  out 

1  mto  rectangles  bounded 

^bove  and    below    by 

i  ^^vels,  and    along    the      f^"^'"* 
stnke  by  winzes  or  risers, 

This  ore  has  to  bear  the  expense  of  working  and  pay  the  cost 
^^  the  cross-cut  level  to  the  shaft:  consequently  +  the  shorter  the 
distArice  between  levels,  the  greater  will  be  the  expense  for 
^ead  Work,  as  more  cross-ctits  will  be  required  for  a  given 
^^pth.  Tti  Fig,  1,  there  are  five  cross-cuts,  and  if  they  are 
^^'^et  apart*  with  the  first  cut  ti<J  feet  from  the  surface,  they 
*^^i  reach  a  depth  of  300  ieet.  If  the  cross-cuts  had  been 
*P*ce4  iOO  feet  apart,  there  would  have  been  but  three  cuts 

I^'^^'^^Ary  to  reach  the  same  depth  and  the  money  expended 
in  dciwi  work  on  the  second  and  fourth  cuts  would  have 
•^^  saved* 


NS 


m 


—  r  :ii5  sabJKL] 

_.  -/  'A»i  and  iln  I 
--    :  iririagtl*] 

.^^.i:::  the  sake 
of  qnartx 
oxiinately 


—  r-:?*"! 


-  ------sblockrf 


:r   i   Siring  ^J 

"-  ::  n.    No^ 

:-.    :r:a:nedi' 


-. -Iij-e  1  rerurn 


_  V  >^*  r-^'  •'^- 


"   -  =    j^  -  've ver.  iti  *^^' 

.   '.;-:.::  rl -cks.  wli^^' 
r..^:  r-rAr.  :>  n!*}  cents! 

i:  I    cents  per  ion.    Ti 


PRELIMINARY  OPERATIONS 


of  driving  the  lOO-foot  block  is  64  cents  per  ton,  which 

re  must  bear:  but  the  profits  derived  from  driving  are 
relent  to  |2,ri00  ^  2,500  =  KO  cents  per  ton,  or  a  net 
it  of  16  cents  per  too.  Hence,  it  will  be  observed  that 
wy  be  possible  with  60-foot  levels  to  work  to  better 
totife  than  with  lOO-foot  levels. 

[  h  not  altogether  the  cost  of  blocking  ottt  ore  that 
Iirs  the  increased  length  between  levels^  in  fact,  the  dead 
i  entailed  by  driving  the  cross-cuts  may  be  of  such  a 
ire  as  to  eat  up  all  the  profits  derived  from  mining  with 
oot  levels.  In  the  latter  case,  if  the  levels  are  driven 
ett  and  the  cross-cuts  every  120  feet»  advantages  may 
riMy  be  obtained  that  will  prove  more  beneficial  than  the 
^teol  level  plan.  If  the  ore  is  pockety*  or  is  in  stringers 
ilie  fiat  throughout  the  vein,  there  is  not  so  much  dan- 

of  inissing  the  ore  with  levels  that  are  moderately 
ced.  In  deposits  that  dip  less  than  45"^  from  the  horizon- 
miiing  may  be  expeosive  on  long  stopes,  owing  to  the 
e*iily  that  exists  for  a  greater  amount  of  handling  and 
:ng. 
e  is  still  another  matter  for  consideration;  namely,  a 

ge  in  the  dip  of  the  bed  between  a  pair  of  levels.     The 
ce  on  the  vein    between  levels  is  increased   as   the 
'ination  i%  decreased,  and  is  decreased  as  the  inclination  is 

ased;  hence,  any  change  in  dip  will  produce  a  change 
bic  contents  of  the  block  of  ore. 


Cro!4S!i.Cut^,-^In  ore  mining,  tliere  are  three  adapta- 
^ctf  (he  term  tross-t'iitT  but  in  each  case  the  excavation, 
t^atter  what  its  object,  is  driven  at  an  angle  to  the  course 
Wk^  of  the  deposit.  When  a  tunnel  is  driven  from  the 
^  through  barren  rock,  to  intersect  a  vein,  it  is  called 
*»s*^tit  tunnel.  When  nearly  horizontal  passages* 
«s  those  shown  in  Fi^js.  1  and  2,  are  driven  from  a  shaft 
posit,  liiey  are  called  rross-cut  levels.  When  an 
n  is  driven  from  a  level  across  a  deposit  for  the 
of  prospecting,  or  into  the  walls  of  a  deposit  to  look 
iel  veins  or  ore  bodies,  it  is  termed  a  cross-cut? 
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in  some  instances,  such  excavations  are  very  imponant.  As 
an  illustration  of  the  importance  of  intelligent  cross-cutiinj, 
it  has  been  shown — particulany  in  the  Keystone  mine.  Ami- 
dor  (!ounty,   California — that  the  ore  shifts  laterally  iroffl 
one  side  of  the  deposit  to  the  other,  requiring  cross-cnisto 
be  driven  several  hundred  feet.     Some  mineral  deposits  a^ 
in  crushed  areas  of  rock;  hence,  the  mineral  may  suddenly 
disappear  in  one  place  and  appear  in  another.     In  one  cas« 
in  Colorado,  the  mineral  was  suddenly  lost  where  the '^^^ 
rocks  were  smooth  and  regular.     In  hope  of  again  findi^^^ 
the  mineral,   the  vein  was   followed  several  hundred  fc^^' 
when  a  cross-cut  disclosed  a  valuable  body  of  ore  parallel  ^^ 
the  vein  proper.     This  is  not  an  unusual  case  in  Clear  Cr^^ 
and  Gilpin  Counties. 

(>.  Cross-cuts  are  usually  made  in  barren  rock,  if  driv^ 
from  a  shaft  to  intersect  the  deposit.  The  smallest  sizetli^ 
o.-:i  be  proritably  driven  is  6  ft.  X  7  ft.,  and  the  average co^' 

of  such  work  is  $8  p^^ 
foot.      If    the    rock   i* 
strong  and  tough,  little 
timber  will  be  required: 
on   the    other  hand,  i' 
the  rock  is  weak,  timber 
may  be  needed  the  en- 
tire length,  in  which  case 
the    excavation    should 
be  made  7  ft.  X  8  ft.  in 
area.    It  will  be  noticed 
in  Fig.  1,  that  the  cross- 
cut  levels    increase  in 
length  with  depth,  and 
that  each  one  must  de- 
crease the  profits.    For 
'  '•"  example,  if  the  inclina- 

tho  levels  are  bn)  feet  apart,  the  first  cross-cut 
lI ill  of  ITo  feet,  and  the  fifth  cross-cut  a  length 
or  live  limes  as  much.    This  may  be  calculated  as 


•I    ^I'h  \Ci'\, 
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^follows:     sin  30  :  sio  60  =  100 :  x,  or  .fi  :  .866025  ^  100  :  173, 

Igaln.  ,0  :  .866026  =  600  :  866*     If,  therefore,  the  first  cross- 

at  costs  $800,  the  fifth  cross-cut  will  cost  $4,000.     Accord- 

^£ly»  for  deposits  that  have  inclinations  less  than  60*^,  it  is 

rbettei  to  place  the  shaft  in  the  position  shown  in  Fig,  2,  pro- 

[*ided  the  rock  conditions  and  surface  contour  will  perrait, 

^m    Blmrts. — Btiafts  are  excavations   made   downwards 

>m  the  sarface  either  in  mineral  or  in  country  rock*     In 

tntning  there  are^ — ^without  any  good  reason  for  it— two 

p^tls  of  shafts;  namely,  those  that  run  vertically  frorn  the 

'C^ce  and  those  that  are  inclined.     Shafts  are  usually  sunk 

Oountry  rock,  either  in  the  foot- wall  or  in  the  hang^ing 

^'^^1  of  the  deposit*  as  shown  in  Figs,  1  and  2.     Some  veins 

so  nearly  vertical  that  the  shaft  may  follow  them  down, 

^^H  arrangement  is  not  to  be  recommended,  however,  if 

M^rs  of  mineral  must  be  left  between  levels  for  support, 

P^  if  any  disturbance  caused  by  mining  will  throw  the  shaft 

^t  of  line.     Of  the  two  positions,  the  foot-wall  is  prefer- 

^^\  but  since  the   shaft  will   continue  vertical   while    the 

^Posit  slopes  away  from  it,  judgment  should  be  exercised 

|i^  i!3aking  a  selection. 

\\1ien  a  shaft  is  sunk  in  the  hangine  wall,  it  will  at  some 

,  depth  intersect  tlie  deposit  if  tliat  continues  downwards.    As 

the  shaft  approaches  the  place  of  intersection,  the  cross-cut 

lei*el»  become  shorter,  and  after  this  point  has  been  passed 

the  cross-cut  levels  become  longer.     There  is  some  ad  van- 

Ikiafe  in  this  arrangement,  particularly  where  ore  decreases 

^fei  vmlue  with  depth;  but  there  is  danger  of  the  shaft  being 

maved  out  of  plumb  if  the  vein  walls  collapse  after  the 

ilneral  has  been  excavated* 

8#     Inclltn*^* — liieHnes,    or    slopes,   are  usually  sunk 

>n  the  ore  deposit  when  conditions  are  adverse  to  sinking  a 

kbaft.    Owing  to  the  changes  that  occur  in  inclined  deposits 

-such  as  rolling  foot -wall  or  swelling  hanging  wall — it  may 

necessary  to  excavate   part  of  these  walls  in   order  to 

obtain  a  uniform  height  for  hoisting  purposes.     In  some 

ii  where  the  inclination  changes  abruptly  and  then  again 
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assumes  its  original  direction,  it  may  be  necessary  to  lift  up 
a  considerable  amount  of  foot-wall  in  order  to  obtain  suitable 
tracks  for  the  cars.  Sometimes,  it  has  been  deemed  advisable 
to  excavate  the  incline  entirely  in  the  foot-wall,  but  recent 
improvements  in  slope  skips  have  made  it  possible  to  follow 
the  ore,  even  with  irregularly  dipping  deposits,  and  without 
going  to  the  expense  of  excavating  rock;  provided,  of  course, 
that  there  is  a  sufficient  thickness  between  the  walls  for  the 
cars.  Whenever  it  becomes  necessary  to  break  walls  on 
a  slope,  the  foot-wall,  except  under  extraordinary  circum- 
stances, should  be  given  the  preference.  When  a  foot-wall 
is  broken,  the  roof  is  not  weakened,  and  any  water  that 
comes  through  the  break  follows  the  wall  to  the  ditch  below; 
on  the  other  hand,  when  the  roof  is  broken,  water  will  prob- 
ably flow  through  the  break  and  drip  to  the  foot-wall,  thus 
making  work  at  this  point  disagreeable  and  sometimes 
dangerous.  Permanent  slopes  are  not  advisable  for  thick 
deposits,  as  subsidence  due  to  mining  operations  will  have 
some  effect  on  them;  furthermore,  they  must  be  carefully 
timbered.  Shafts  are  better  for  permanent  openings  where 
the  deposit  is  nearly  vertical. 


TUNNELS 

DETERMINING  FACTORS 

f).  Advaiitnjrt^s  of  Adits. — It  is  not  considered  gooo 
practice  t(^  drive  a  long  tunnel  through  barren  rock  in  ordel' 
to  Vd\)  a  deposit  known  to  exist  at  the  surface  but  not  knowO 
to  exist  at  the  tunnel  level.  An  adit  drift  can  furnish  most 
satisfactory  arrangements  for  stoping  ore  to  the  rise,  h^^ 
recjuires  the  assistance  of  a  slope  or  shaft  in  order  to  mine  to 
the  (lip  of  a  dei)osit.  If  there  is  not  a  large  area  of  stopiof 
ground  above  the  adit,  a  shaft  or  slope  is  preferable,  sinc^ 
the  latter  will  he  needed  eventually;  however,  surface  coO' 
ditions  may  be  such  as  to  render  an  adit  advisable  evei^ 
though  a  shaft  is  required — in  which  case  the  openinc^  will  t)6 
permanent. 
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When  ati  adit  is  located  some  distance  below  the  apex  of 

j  the  deposit,  it  may  prove  to  be  a  very  efficient  openings  as 

any  water  that  comes  to  it  by   g^ravity  from  above  or  is 

ptimpedto  it  from  below  will  run  away  out  of  the  adit  mouth* 

The  cost   of  hoisting  under  the  same  conditions  will   be 

decreased  if  the  adit  is  used  for  transportation.     These  two 

'actors  may  more  than  pay  the  cost  of  driving  the  adit,  by 

^^  savmg  effected  in  fuel  and  labor,  brtt  before  deciding  on 

^ong  adits  the  conditions  should  be  carefully  studied.     At 

«ome  minest  the  cost  of  pumping  is  the  largest  item  of 

I  ^Pense;  for  instance,  at  one  mine  17  tons  of  water  is  pumped 

lor  every  ton  of  mineral  mined.     On  the  Comstock  lode, 

[water  was  encountered  that  was  very  hot  and  difficult  to 

[pump,  for  which  reason  the  Sutro  tunnel  was  constructed  to 

^P  the  lode  at  a  depih  of  2,200  feet,  an  immense  saving  of 

iping  and  hoisting  being  thereby  effected.     The  water 

P'^Wiiig  from  this  tunnel  contains  sulphate  of  aluminum  in 

qnaa titles  that  rocks  are  formed  along  its  course* 

Several   tunnels  have   been   driven   for   the    purpose    of 

catering  mines,   the   Jeddo   tunnel,  in    Luzerne  County, 

*tinsylvania,  being  the  longest  single  tunnel  of  this  character 

'^t   is  Qti  record.     This  tunnel  is  strictly  a  drainage  tunneU 

^  mineral  whatever  being  taken  through  it.     The  Newhouse 

^nel,  in  Colorado,  is  another  long  tunnel,  whose  object  is 

tuin  mines,  transport  ore,  and  do  prospecting  work. 

*0.    8l«e  of  Adits* — Since  an  adit  is  a  nearly  horizontal 

^ssage  for  transportation   and   drainage,    an   explanation 

^vering  the  practice  followed  will  also  apply  to  similar 

t^avations,  no  matter  %vhat  their  names  may  be.     The  size 

^^  si^iits  depends  on  their  object,  and  to  some  extent  the 

chanicter  of  rock  in  which  they  are  driven*     Single-track 

jadlt^  irc  given  an  area  of  6  ft*  X  7  ft*  where  no  timber  is 

[f^uiTed;  6  ft*  X  8  ft*  if  the  roof  needs  support;  8  ft.  X  8  ft, 

*tf  tbrccstick  timbering  is  needed;   and  8  ft.  X  9  ft.  if  lull 

^^'''her  setJt  are  reciuiret] *    The  differences  in  height  and  width 

^'^Qiadc  necessary  by  the  timbers  and  laggings  the  unit  area 

0*^  ft.  X  7  ft.  being  considered  the  minimum  for  any  adit* 
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Double-track  adits  are  from  10  to  16  feet  wide;  in  most 
ore  mines,  probably  12  feet  would  be  the  average,  as  this 
width  affords  room  for  the  men  to  pass  between  the  cars  and 
between  the  cars  and  the  walls.  The  heights  of  such  exca- 
vations are  governed  by  the  size  and  thickness  of  the  timbers 
required  for  the  roof  and  the  floor. 

In  speaking  of  the  size  of  adits,  the  supposition  is  that 
only  sufficient  area  is  needed  for  transportation.  In  thick 
mineral  deposits  the  area  would  not  be  appreciably  increased, 
but  in  deposits  up  to  12  feet  in  width  it  would  probably  be 
made  the  width  of  the  deposit.  This  last  statement  requires 
some  qualification,  for,  if  either  wall  is  frozen,  it  may  not  be 
necessary  to  take  the  entire  width  for  the  vein,  while,  if  either 
wall  is  separated  by  well-defined  selvage,  it  will  probably 
be  necessary  to  excavate  the  entire  width.  In  wide,  large 
mineral  deposits,  the  width  of  cars  has  some  bearing  on  the 
width  of  the  passages,  particularly  where  machinery  is  the 
motive  power.  Such  mines  should  be  wide  enough  to  permit 
a  man  to  stand  between  the  walls  and  the  moving  car. 

11.  Adit  Tracks. — For  the  sake  of  economy,  it  is  cus- 
tomary in  most  cases,  to  purchase  light  mine  rails  and  place 
ties  some  distance  between  centers.  Cars  having  a  capacity 
of  1  ton  and  a  weight  of  about  1,100  pounds  should  have* 
substantial  track,  with  rails  weighing  at  least  20  pound? 
per  yard  and  ties  spaced  2  feet  between  centers.  The  tie? 
should  have  a  o-inch  face  and  be  5  inches  thick.  The  lenj^tl^ 
of  the  ties  will  depend  on  the  track  gauge,  but  in  all  case? 
should  project  from  12  to  15  inches  beyond  the  rails,  to 
afford  stability  to  the  track.  When  rails  smaller  than 
20  pounds  per  yard  are  used  in  mines,  the  ties  must  be  less 
than  2  feet  between  centers,  otherwise  the  tracks  will  bend 
and  spread,  and  very  often  allow  the  car  wheels  to  slip 
between  the  rails.  To  lift  a  loaded  car  on  the  track  requires 
time  and  labor  that  should  and  can  be  avoided. 

The  grade  g:iven  adit  tracks  should  be  in  favor  of  the 
loaded  car,  as  the  empty  car  can  be  more  readily  pushed 
about.     A  good   ^radc  is  about  6  inches  in  100  feet,  or  a 
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i*per-ceni,  grade.  Such  a  grade  will  make  tramming  easy 
aad  insure  a  flow  of  water  in  the  ditches,  provided  they  are 
Ifept  dean. 

I2«    Condi ttouB    GovernlDK    Timnelliiir* — In    exca- 
vating tunnels,  all  kinds  of  rock  conditions  may  be  enconn- 
tere^:    The   solid,   firm   rock    may   be   changed   to   weak, 
cnnnbling  materiaL     The  rock  that  is  firm  aiid  Bolid  during 
^Kcmvation  may  be  changed  by  air  and  moisture  to  what  is 
«>o^n  ^s  su^Uing^  grmmd.     Slippy  rock  or  areas  of  rock  that 
baire  been  crushed  by  dynamic  forces  may  be  encountered, 
^iitch  will  oot  stand  without  artificial  support.    Besides  these 
«*oi3clx lions,  there  are  others  likely  to  arise t  the  most  dreaded  of 
'Aioli  isquicksand,  which  involves  both  expense  and  trouble 
S3<cavaie.     Different    conditions    must    be    overcome  by 
«fe^eat  systems  of  working  and  supporting  the  excavation; 
«^ao«s,  much  depends  on  those  in  charge  of  the  work, 

l^ft  -    I^ocalluiT  Adits  or  Tunnels, — It  is  always  advis- 

3^^e  t:o  locate  the  adit  opening  as  near  the  water  level  as  is 
cons  i  ^teut  wiilj  mill  or  shipping  facilities  and  the  delivery  of 
^msr  supplies.  Cross-cut  tunnels  should  oot  be  driven  at 
tiepH-^  54  much  exceeding  the  known  depth  of  the  vein,  because 
01  tm  ^^^  uncertainty  of  ore  deposits  continuing  in  depth*  If  it 
«  po  ^^ibie,  cross-cut  tunnels  should  be  driven  to  meet  the 
vemsi.  pitching  toward  them,  and  by  this  means  decrease  the 
i^eti-j  o(  the  tunnels.  ^__ 

TUNNELrNG  THROUOn  I.OOSE  GROUNB 

**  *     Be^rtnnln^  a  Tunnel. — Unless  the  tunnel  is  located 
I  a  *^  arrow  valley,  or  in  a  place  where  rocks  are  uncovered, 
L«vH  |jg  necessary  to  make  an  open  cut  in  loose  ground 
rtjftU\   u  height  somewhat  greater  than  that  of  the  opening  is 
o^KUi^iitd*    The  thickness  of  the  loose  ground  depends  on 
lT&c^\ope  of  the  hill;  in  narrow  valleys,  it  will  be  found  that 
^  HqiI  15  thicker  on  the  south  side  than  on  the  north  side 
oitli^bill.     If  it  is  possible  to  reach  solid  rock  by  making 
00  open  cut.  It  is  much  better  to  do  so,  as  otherwise  the 
^oanii  will  cave  above  the  entrance,  as  shown  in  Fig.  3* 
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In  this  case,  a  wooden  portal  was  constructed  and  the  ground 
;il>ino  the  adit  was  supported  by  timbers.  In  time,  the  tim- 
'.;•:'*  :.>i:cd  and  broke,  letting  the  surface  into  the  excava- 
.  •.  .".r.v":  necessitating  the  construction  of  a  new  portal. 
.  n  :•:  :.  the  fact  that  the  water  in  running  down  the  hill 
V.    K  :  ■:.;■. jiV.  the  loose  earth,  the  floor  of  the  entrance  was 


when  a  new  portal  was  con- 
,  .ir-sl  the  masonry  was  car- 
>  i.ie  Advantage  of  making  ^ 
:./.o  .^:  six  parts  of  broke i^ 
v.-r:5  of  clean  sharp  sand- 
.    -.    \\:\\  make  a  permanent 


l\. 


w. 
A:; 


v.>ua:'.y  adopted  when  ^ 
:  •<,  :::  material  composed 
.  ■..:v\:  with  clay  mixed  will' 
..k  .ir.d  shovel  when  dry, 
V.  -.ve:.  as  it  is  then  heavVt 
L-xcAvation   in  hard  pan  i* 
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Ic^ed  on  as  an  open  cat  tmtil  a  height  is  obtained  that  will 
[pve  the  desired  opening:.  The  walls  of  the  cut  should  be 
IslopCil,  otherwise  each  rainstorm  will  cause  a  slide  and  fill 
Itzpthe  ditch.  The  first  two  sets  of  timbers  are  placed  back 
I  from  the  face^  so  that  when  the  dirt  assumes  its  natural 
IsJope  u  will  not  fall  into  the  cm.  but  will  cover  the  lagging 
|above  those  two  timber  sets.     The  stones  shown  on  the 


i^"» 


'W^- 


Fig.  i 

^^g  above  the  timbers  are  intended  to  hold  the  timbers 
,       Place  until  the  earth  has  sloped   naturally  and  covered 
^'    The  method  followed  for  excavating  will  depend  on 
ler  the   ground  is  wet  or  dry.     Sometimes  the  entire 
^^tiKf  he  excavated  and  a  distance  gained  that  will  per- 
^f  the  timbers  being  inserted  without  trouble;    again, 
^f  a  stnall  portion  of  the  face  can  be  excavated  at  a  time, 
|*^n  forepoJiog  must  be  adopted, 

**>i    PlfieliiH  TitiilKM'  Hets. — In  soft  ground,  such  as  in 

^^  ca«*  under  discussion,  there  must  be  a  mud-sill  a,  Fig.  5» 

•^  the  legs  A  to  stand  nn»  and  the  excavation  requires  full 

timber  sets  until  solid  rock  is  reached.     The  first  two  sets 

J  iteheld  upright  hy  the  weight  placed  on  the  lagging  c  above 

Ithr'        '     -e  tied  together  by  the  planks  d  nailed  as  shown. 

MQ '  I'f  grcmod,  the  sets  are  placed  about  30  inches 

cetiter  to  center^  and  are  backed  by  sawed  lagging  c 

cpve  and  with  either  »p]jt  or  sawed  lagging  e  at  the  sides. 
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When  the  floor  of  the  tunnel  is  composed  of  materia 
becomes  soft  and  permits  the  sills  a  to  sink  into  ,it, 
are  laid  lengthwise  of  the   tunnel  and  the  sills  plac 
them.     This  arrangement  distributes  the  weight  com 

the  timbers  ( 
wider  space  < 
floor  than  tha 
ered  by  the  sill 
The  sill  is  first 
in  position,  th 
legs  are  sto< 
the  sill  and  t 
the  planks  to  i 
joining  set;  th 
caps  are  put  in 
The  lagging  i 
inserted,  begin 
.^'^;;'>'yy'/;  one  side  am 
'^^^^^M^^  tinuing  across 
-'^'^^-^    other.    The  si 

Fig.  5 


'T^^v 


gmg  e  is  inser 
hind  the  posts  from  the  '  ..tom  upwards,  each  piece 
sawed  to  a  definite  length,  as  shown  by  the  dotted  li 
the  posts.  As  soon  as  two  or  three  pieces  of  lagging 
position,  filling  is  placed  back  of  them  to  prevent  the* 
being  broken  by  any  sudden  rush  of  earth. 


17.     Tunneling    Throus:li    Talus. — Rocks    tha 
broken  from  cliffs  and  slid  or  rolled  down  the  side  of 
nIv^h*  and  then  become  banked  up  are  termed  talus. 
vixsv-ent  has  been   gradual,   the  material  is  smaller 

ts!  more  uniformly  compact  than  if  the  descent  ha 
.  ,|i',!.     Talus    may    occur    in    pieces   of   all    sizes,  ; 

.  .'..IV  be  loosely  held  tojjether  by  sand  and  cla 
»  \.  'x  lo  move  whenever  disturbed  by  excavatioi 
■y.   wAW  such  material,  an  excavation  somewhat  le 

:*,    ..Mondoil  size  of  the   tunnel  is  driven  6  or  8 

,   \  o»vN*  v*i  Iho  proper-sized  tunnel  and  timbered  with 
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Fig.  a 


set  a,  ?iZ'  6,  The  object  of  the  smaller  tunnel  is  to  prove 
tiQ  ground  and  ascertaio  whether  there  are  large  boulders  or 
Dgiilar  rocks  that  will  require  blastiiig,  and  to  keep  the 
Daierial  from  running  into  the  excavation »  as  it  would  if  that 
urereinade  full  size.  When  removing^  a  large  stone »  material 
li>t  ihin  description  is  liable  to  run  and  fill  the  excavation; 
[kncej  only  enough  space  is  excavated  to  place  one  false  set 
[  fit  a  timet  with  the  timbers  skin  to  skin.  * 

A  permanent  set  i>  is  put  in  place  by  removing  a  false  set 
[ts  at  f,  and  excavating  a  space  only  large  enough  for  its 
I  insertion.   Toaccom-  « 

plish  ihii,  a  small  ex- 
Iravation  above  the 
H^ls^  sets  a  is  made 
had  the  cap  (/inserted. 
I  f^'^xt,  the  planks  €  are 
Ipbcetl  one  at  a  time 
ISO  as  to  form  a  cover 
I  above,  When  d  and  e  are  in  place,  the  widening  at  c  is 
f comparatively  easy,  and  then  the  permanent  timbers  ^  are 
I  placed.  As  soon  as  the  permanent  timbers  have  replaced 
lill  but  two  or  three  false  sets,  the  smaller  excavation  is 
l*fa{n  advanced  and  the  operation  of  enlarging  the  excava- 
^tioii  repealed.  This  system  of  excavating  and  timbering  is 
Qutd  until  solid  rock  is  reached.  It  has  been  suggested 
^  the  method  be  followed  when  excavating  wet  hard  pan^ 
r«Ql  there  are  other  systems  that  have  proved  efficient  in 
I  ^ia^  with  such  materiaL 

l8"    Tuna  ell  tier  Wet  Hard   Pan.— When  hard   pan  is 

^^  wet,  it  will  run  almost  in  a  stream,  the  water  seem- 

WJjly  converting   the   dirt   into  a  liquid   mud   that  carries 

I iloctj^  stones  as  it  moves.     It  is  very  difficult  to  drive  a  tun- 

rO^lllifOttgb  such  ground  on  account  of  its  mobility.     When 

lllMpaii  i%  moderately  wet,  it  has  the  consistency  of  putty, 

pind  itf  beavtnesi  and  stickiness  make  it   dif]BcuU   to  dig 

lie;  besides,  as  liitle  reliance  can  be  placed  on  its 

-liL^  atone,  even  fnr  a  short  time,  it  must  be  supported 


If*.      l".r^-^<^j.iriS£. 


ifr.-^-^ 


le  .: 


/       * 


1/ 
...-  -L - 


"--^f     ..^.., 


I 


J/ 


\    .  :       J^.:".,    *      '.v   ':'^::e  before  the  rre>s:ire  1 

■...->     :.-.  .    ::    ::■•;;■   :;^ve    ^een   driven   :::   pro] 

.  \/..-.  .:.   ■.     v.  .•     :  •:    :.   ;  !:j    li^iTLre    enough    f-JT    ^   s 

_,;.      i     :.*:■■■•.    ;:-.---.::t:    bezels  the   spili::g:   in^ 

.\  .:.■..;  y  :'  :      *    ;.  :  ■  ''.  '.y  rotin-j  on  the  bridged 

■,    .     •  ..■>-,■..:■>  ::.•.  T.'.r; '■:  i.-.tri^intj. 

'O       i»ri\iuir  >pirMiir.      1";l'.   "^   is  a  plan  showin 

■.■  .-:   ^.••^■:■■^  T;u-  -i»ii;:..^  /  iiuo  trie  ground  betwec 
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I'.i'.e  :he  face  m  is  excavated.    The  legs  and  coT.rs 

"   timber  set  are  shown  at  a  and  b.  respectivelr; 

-ire  .>ho\vn   the  collars   of  the  bridge  set.    The 

•  irivcn  as  befure.  with  a  maul,  and  is  kept  pointed 

r  the  rail-Diece  ;/. 


-1.  Timi'^t  Hoards. — When  ground  partakes  of  the 
•■-•.■■:  •  ';-.:-.j<'^and.  the  face,  as  well  as  the  siiies,  rouf. 
:  :'.  ".  :-::<:  be  supported  both  during  and  after  excava- 
'  ■.:.  r.ije  :r.ay  be  wedged  or  held  hack  by  breast 
;■  N       :'■..;.    1"   is   a   longitudinal   elevation    showing  the 

method    of    spiling:  and 
preventing  the  face  frorn 
caving — or    running,  as 
it    is     termed — into  the 
excavation.     The    breast 
boards    h    are    advanced 
Jo    one  at  a  time,  besinnin^ 
^    at   the   top   and  workini;     ; 
%    down,    by    removing  a 
small    quantity   of  mate- 
O    rial.     As    soon   as  sui- 
;q     ficient   material  has  beer. 
^tj^    scraped    out,    the   brea^* 
**i59    board    is    inserted   an^ 
braced  back  to  the  timber 
•'..■  ^ti.;-  :.     T'l-is  method  of  work  is  continued  unt^* 
•    >  '.  . ;  ■:  ■  .:.;::: ci  !.>i"  a  timber  set  a,  by  c.     It  will  b^ 
•   :  •     -;■.:/.::  vl.mk  (/  rests  on  the  breast  board^ 
i>    .1  .  .•  i-.vL'l    rcLrnlariy,   as   shown   at  g,    Thi^* 
•'.:  pv'V  :.■.*.<  ^p.i^e  lor  the  bridge  sets  c  on  whict' 
■'.■■•.:   I  \  c'Xw.-.Wy  :'L'->.ts. 

rvv    :  M.^  '   -•■   '.'..(l  it  will   be  necessary  to  brace  ih^ 
.'■'  !..M-.  -:  t;v   i;ije  t\ick  to  the  other  sets,  in  ordef 
\v\-\  w  •:..::    ■■c:i:l:  ni'»vc'(l  «iut  <^f  plumb. 

>ii!i-  iSiMrr  Sft-;.-  I'i-.  11  shows  one  method  o^ 
:•'.  :i  ir.:.  ivIv.l:  side  braco  between  two  sets.  Th^ 
I!',  i'.i.l  nj:!  of  the  rejiular  set  are  denoted  by  a,  b,  andCf 


V^;wp  J^^U^TO^SC^ 
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while  the  legs^  sUU  aod  cap  of  the  reinforcing 
rn  at  d^e^  and  /*    Since 
ing   sets   are   not   mor- 
nonecJ»  the  braces  /  will 

from  being  pushed  out 
he  braces  /  can  then  be 
e  by  legs  /  or  posts  fi^ 
ss   £ire  not   advisable    in 

sets,  as  the  pressure 
a  tendency  to  push  out 
he  timber  set  at  the  cap 
ts*  Again,  angle  braces 
to  fit  properly,  and,  as 
sject,  the  metbod  shown 
ng  sets  is  probably  the 
low,  as  it  requires  no 

Fig,  II 


^irlnie  Loose  Oronnil. — In  making  excavations 
and  ibat  will  not  stand  alone,  every  preeantion 

should  be  taken  to 
prevent  it  from  run- 
ning. Even  with  the 
grreatest  care,  small 
caves  cannot  be  pre- 
vented, so  that  the 
spiliog  should  be  ad- 
vanced methodically 
and  systematically . 
When  such  work  is 
^^  begun,  it  should  be 
continued  uninterrup- 
tedly until  finished, 
-  to  prevent  any  great 
Fj'i-  12  change    in    the    new 

rnaghi  about  by  excavating  the  earth*  If  the 
I  so  soft  n  nature  that  it  will  ooze  in  appreciable 
rough  the   spaces   between    the  spiling,  some 
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other  system  than  that  of  spiling  should  be  adopted.    The 
wedging  system  shown  in  Fig.  12  was  invented  in  Europe 
and    used    successfully    in    several    cases.     The    work   of 
excavating  is  carried  on  in  three  stages.     The  wedges  a 
are  driven  into  the  face  as  close  together  as  they  can  be 
placed;    the    wedges   b   are   next   driven,   and  as  they  are      j 
advanced  the  floor  wedges  c   are  inserted  and  driven  into      ' 
place.     The  spiling  d  is  kept  in  advance  of  the  wedges  a,  ^, 
and  c,  both  above  and  at  the  sides  of  the  excavation.    As 
the  wedges  crowd   back  the  quicksand,  this    stage  of  the 
work  must  be  carried  on  systematically  until  the  advance 
will  permit  a  temporary  set  of  timbers  h  to  be  put  in  place 
The  planks^  are  placed. across  the  excavation,  and  lengtl^- 
wise  on  them  the  stringers  /on  which  the  timber  sets  h  and  ^ 
rest.     In  case  the  pressure  on  the  face  becomes  too  gr^^^ 
for  the  wedges  to  withstand,  a  few  holes  are  bored  throus^^ 
their  centers  and  the  pressure  relieved  by  allowing  the  pent-TL-^P 
material  to  spurt  through  these  holes  into  the  excavatio  "*^- 
As  soon  as  the  pressure  is  relieved,  the  holes  are  plugg"^^ 
up  and  the  wedge  driving  is  continued. 

The  temporary  timber  sets  //  must  be  so  spaced  that  t'fc^ 
regular  sets  e  following  will  be  skin  to  skin.     Since  quicr-*^' 
sand  is  heavy  and  exerts  a  continual  pressure,  the  bridge" 
sets  //  and  their  spiling  would   support  the  excavation  f^^^ 
but  a  short  time — hence,  the  necessity  of  reinforcing  the^xi 
with  the    four-piece   sets   placed   close   together.     Timb^^' 
ing  of  even  this  strength  will  not  stand  up  if  the  quicksaCi^ 
is  at  a  considerable  depth  below  the  deposit,  so  that  arched 
of    masonry    must    be    constructed    inside    of    them.    Tb^     , 
system  of  wedging  is  not  applicable  where  the  excavatioO 
is  at  a  considerable   depth  beneath  the  surface,  and  other 
means  are  adopted  to  hold  back  the   ground  until  it  can 
be  timbered. 

Quicksand  in  either  shaft  sinking  or  tunneling  operations 
is  always  a  course  of  anxiety,  and  its  excavation  should  not 
be  attempted  without  a  thorough  knowledge  of  its  character, 
and  definite  information  regarding  the  successful  methods 
that  have  been  adopted  to  overcome  its  action.     Sixteen 


icksaiid  has  cost  $16,000  to  penetrate  where  greater 
Dg  skill  put  the  tunnel  through  for  $1,000, 
rlviuir  II  Tiiiiiiel  Tlipougli  Rutin  In  jbt  G  round* 

on  aqueduct,  which  supplies  New  York  City  with 
a  tunnel  for  a  considerable  part  of  the  distance 
.     At  one  point,  between  Tarrytown  and  Ardsley, 
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Fig.  n 

it  IJJA,  a  pot  hole  was  encountered  that  contained 
ing  gronnd.  A  cross-section  showing  the  relation 
he  country  rock  and  the  pot  hole  is  given  in  Fi^,  13, 
try  rock  a  is  dolomitic  limestone,  and  the  pot  hole  h, 
^  '  110  feet  along  the  tunnel  line»  contained 
d,  yellow  nuid,  composed  of  fine  particles 
sand,  and  clay»  Through  this  mass  were  several 
^ater-bearing  seams   filled  with   sand   and   irravel* 


:| 
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The  g:reat  trouble  was  to  drain  the  gjound,  which 
IGC)  gallons  of  water  per  minute* 

kftcr  several  experiments,  the  foUovvHn^  system  was 

and  the  work  completed  within  14  months  with- 
oils  interruption;  The  lower  drift  a.  Fig.  15,  was 
ft^  X  6  ft,  and  timbered  for  a  distance  of  25  feet* 
Iwidened  out  by  placing  the  bearing  bars  ^  under 
[a,  and  supporting  them  on  posts  that  rested  on 


^^^y 


•X 


-■^t^rnm- 


i^*^ 


t 


idinal  sills  c.    The  process  of  widening  out  was  done 

ia  small  excavation,  and  then  placing  the  bearing 
e  sills  r,  and  the  posts  f.      This  excavation  was 
and  secured  until  the  desired  width  was  attained, 
ti  the  opposite  side  was  widened  out, 
lening  having  been  completed*  spiling  6  feet  long 
]lyen  otiiside  the  sill  r,  and  the  enclosed  spaces  were 
in  pockets,  the   posts  /'  resting  on  foot-boards 
Sntervals  in  the  mud.     Spiling  g.  Fig.  16,  was  then 
rciss  the  bottom  of  the  excavation  about  15  feet 


:::  ^i-?  -ow  trarJ 


^-e 


X<1^ 


^t 


'  ^>.  -.vr.  :r.  Fig.  16- 

-    :~  :he  outside  oc 

u:  c.^.nger  of  dam- 

:  :eces  were  placed 
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Hu  them.     The  excavated  space  in  front  of  the  platform 
tagjui  as  a  sump. 

|^"As  soon  as  the  platform  was  completed,  the  cross- 
^&  m^  Fig,  17,  were  placed  onder  the  bearing  bars  d  and  d, 
it  3  feet  between  centers.  These  beams  were  supported 
ll^ed  posts  !*♦  and  were  firmly  wedged  up  to  the  bear- 
^^*     The  posts  /',  Fi£[.  15,  were  removed,  and  the 


/^^^^i// 


Ftc.  17 

portion  of  the  masonry  o,  Fig.  17,  constructed;  then 
Ainder  oi  the  invert  ^,  Fig,  18»  together  with  2  feet 
ide  wall  and  backing,  was  built  la. 

^Duringf  the  construction  of   the  masonry,  the  top 
[fit  Pigs,  17  and  18,  was  driven  about  15  feet,  and 
%r%  q  were  pot  in  place.     The  back  ends  of  the 
nn   tht^    rnxh   already  built.    Fig.   19,  while  the 
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headingf  ends  of  the  first  two  were  supported  hy  the  |J0ijt>2 
resting  on  the  cross^sill  s  and  the  two  ioogitudtQal  sills  ^J 
placed  in  the  top  heading.  The  excavation  was  ciirrie^ 
down  and  out,  and  the  other  bars  were  supported  hf  tkxi 
struts  a  resting  on  the  bearing  bars  b  and  f/»  Fig*  17,  Ti^< 
large  beam  t%  Fig.  18,  24  in*  X  24  in,  io  crosF  seciioo  an« 
26  (eet  long,  was  next  placed  ahead  of  the  masonry »  sn< 


m 


m  1 

7^ 


supported  by  posts  n\  Fig,  18,  resting  on  sills  a\  Fig*  19»  i 
the  bottom,  and  strutted  back  by  rakers  z.     Posts  a\  Fig*lS^ 
were  placed  under  the  crown  bars  ^  and  set  on  the  beam  v^  I 
which  also  served  as  a  bearing  for  the  bulkhead  again»l  tbcj 
mud  in  the  face.     When  the  section  was  completed,  the  ftilli 
was   removed,  the   ends   being  built  in.     To  support  and) 
strengthen    the    crown    bi*rs   q,    the    segmental    timbers 
supported  by  posts  resting  on  foot-blocksi  were   put   iu»  afl 
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^nces  of  1  or  2  feet  apart  as  deemed  necessary.    The  side 
smd  the  arch  were  next  constructed.     No  attempt  was 


Fig.  19 


o  withdraw  the  crown   bars,  which  rested   on   the 
*iry  arch  when  that  was  built. 


TUNNET^  PORTALS 

»  8£oiie  Tunnt'l  PortiiK—When  the  portal  of  a 
s*l  is  to  be  perinanent^  it  will  be  found  cheaper  in  the  end 
instruct  it  of  stone  or  masonry.  Usually,  such  portals 
fciven  an  arch  whose  radius  has  a  length  that  will  give  a 
^^rvature  but  will  not  be  too  flat.  Several  designs  of 
^1«  are  tl  hist  rated  in  Fig,  20.     The  portals  shown  at  (a) 

\6)  are  partly  wood  and  partly  dry  masonry.  While 
^  have  £1  neat  appearance,  ihey  are  no  in  ore  permanent 
*  an  aO-wood  portal  and  have  the  same  disadvantages. 
(^)   is  a  single-track  ttinnel  portal  with   the  crown 


.  1.    '■  i..  : 


1  :c;.  ':>) 

J-.-N-sod  and  l:ii'l  ■-villi  jii'.ic  (*rire  than  those  in  Fij 
.•  •  ,u*cou!U  f>f  ili'-  '.'.!•  -ii'-i  Ml!  list,  on  the  skewbacks  d 

■'.'•'.os-^  ft"  tilt'  .mil.  I  ii'.  'Jn  ir)  does  not  differ  n 
"M-  V'iv:.  2n  {(),  f.M«"iil  tli:ii  it  lias  dressed-stone  si 

•  I.  vo  >ke\vb:u.'ks,  ;iii<l  lias  a  more  rounded  arch. 
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J0#  Coiicn*te  Por tale*,— Fig,  20  (/)  is  a  concrete  arch 
two  tracl£St  There  is  no  necessity  for  constructing  the 
h  of  concrete  blocks,  as  illustrated^  for  concrete  and 
Tictal  are  just  as  serviceable  and  as  strong  as  con- 
. .  ..ks.  The  coocreie  is  carried  out  as  wiogs  on  each 
ie  o(  the  portal  to  prevent  earth  or  rock  from  falling  on 
i  track  or  clog^ging  the  ditch.  The  entrance  to  a  tunnel 
nearly  always  wel  iii  a  temperate  climate,  unless  means 
!  employed  to  prevent  the  entrance  of  rain  and  surface 
n  above*     If  the  lining  of  portals  is  carried  into 

^'      -i  until  solid  rock  is  reached*  the  water  will  take 

feme  other  course  and  will  not  drip  into  the  tunnel*     Con* 
IT  -s  at  portal  entrances  keep  the  entrance  dry  and 

J"^  ,  1  r  to  construct  than  stone  portals. 


TirNNEL  LINIXG8 

31.    €oucr<?»te  Timnol  Lining:, — A  novel  and  success* 

^'  1  ot  tunneling:  was  practiced  in  connection  with  a 

^  :  subways  excavated  beneath  the  city  of  Chicago, 

be  subways  were  excavated  in  a  stiff  clay  that  contained 
facticuliy  no  water  and  wonld  stand  without  caving  or 
fr'^Hing.  Compressed  air  at  a  pressure  of  23.5  pounds  per 
iWt  iBch  was  kept  on  the  face,  not  because  it  was  needed, 
ticautionary  measure  in  case  the  work  would  have 
at  any  time  unfinished  or  unlined.  The  clay  was 
V^out  with  a  tool  similar  to  a  carpenters'  draw  knife, 
from  7}  to  14t^  feet  and  to  heights  vary- 
..  feet.  The  concrete  lining  a.  Fig.  21,  was 
^  20  inches  thick,  was  rammed  behind  board  tem- 
1  by  steel  centers  e,  and  held  in  this  position 
loroughly  set.  The  centers  and  boards  were 
^  njttiovcd  and  used  again.  There  were  three  8-hour 
fts  of  twenty  men  each  at  this  work.  Two  of  the  shifts 
^ti  cutting  and  mucking,  while  the  third  shift  set  the 
^f*  and  rammed  in  the  concrete  from  the  bottom 
Ry  this  means,  it  was  possible  to  keep  the  rails 
J  tile  face  and  remove  the  clay  in  cars  aUnost  as 
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iirerl  «,  tbe  side  arches  ^   having  the  same  spring,  and 

top  arch  c>     The  invert  is  laid  an  a  bed  of  sand  and  is 

liic  to  »  center.     The  practice  of  building   fiat  floors  for 

tuoaels  in  soft  ground  has  been  discarded,  as  it  has  been 

roved  that  the  form  could  not  withstand  pressure  nearly  so 

•11  as  an  arch.     The  first  arched  form  adopted  was  elliptic, 

It  the  amount  of  space  lost  was  too  great,  unless  a  ditch 

IB  desired  beneath  the  track.     The  inverted  arch  was  next 


»S»te;. 


?^ 


irfiilii  order  to  save  space  and  at  the  same  time  furnish 
snff-  Mength  to   withstand   the   pressure  coming  from 

^'  ii  such  ground  pressure  comes  with  equal  force 

"<^iittll  sides*     The  inverts  were  so  successful  that  they  are 
now  generally  adopted  both  in  soft  ground  and  in  soft  rock. 

33,  Bncklnj^  f€»r  Tunnel  Masonry. ^ — Where  bricks — 
^^vn  fact,  any  roasonry^ — are  employed  for  lining  tunnels,  the 
^  '^n  the  masonry  and  the  walls  of  the  excavation 

'^  .    :illed  up*     The  excavation  is  necessarily  made  of 
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^re-i:er  .ir-j.i  ::.in  :::e  nnished  tunnel  ia  order  to  accommo- 
.i.i-.e  :*.e  —.i-riirv.  ':■.::  the  size  should  be  approximated  and 
.v<  ■.•.::" i^  extr.L  :^xjiv:i::on  made  as  is  consistent  with  good 
■.v.^-v.  I:  ".^  r.::  always -possible  to  obtain  just  the  area 
r.-,- -J ■.:;■.*..  ■.::  -.vi-.ijh  c-ise.  as  shown  in  Fig.  22.  the  space  i 
V.un  ::  :.:c  '..r.-.r.^  iir^>i  inside  the  timbers  should  be  filled 
".■:  -.v:.:  .■  -.jrete.  These  remarks  apply  equally  well  to 
e'^>.--iv.i::.  ■•>  •.•:  ■;v.:ck5ar.d.  it  being  always  borne  in  mind 
: ".:  .1 : .  -n  .:  .* •; c'  -v.  a s =:  n rv  is  u sed .  no  s pace s  should  appear 
Ve:  \  c-j-.-.  :.*-:?  '.v.il'.s.  Furthermore,  all  timbers  needed  for 
: c*  •••'.*.  ■  y  >  •.: V  v ■  r :  :? >. ;  u Id  be  removed  and  th e  spaces  filled 
w.:  •.  X.  •.:  v-.i:-:-..i".  such  js  sar.d  or  clay.  Since  the  backing 
-jjc:-.  js  :'e  yr-js^ure  that  comes  on  the  masonry,  its  con- 
>:•■■.:.•:•..'■:  -;  i". .:  re  :iuch  as  to  distribute  the  weight  uni- 
:.^r:v.'v  /.••.:  ■.•.:.:.::  j.  rr:i^re>s:on  act  as  a  resisting  material. 
S.i'J.  .r-<-.ve:  s  :"*.i^  re-:'.::rements  admirably;  concrete,  not 
'.'.iv  -'.i:  ::•..  s.i-'c  ::e;^:r:*.:ry.  is  not  considered  so  good  tor 
: . *.  -J  y  ■.:  :■  v-  > c   c  > : •  e  j :  .i ' "  y  w  ue  re  ro ck  wal Is  surround  the  lininS- 

ot.      vrvh  i'oiistruotlon. — Two  methods  are  inuse^r 
^.  ...^,. ..  ..  ..^    ..::'..es    :      .•    ^iven    form    and    size.     In  one 

—  c:  •-  .-.  .1  -i.vjjy  .  ■■  :.:.:..:<  s::ck  is  e:r.?Ioyed  and  in  the  olhe^ 
.i  .:.■'.:.':■  •■  ".v.-  .'.J-:  :-:::y".e:.  The  sweep  is  an  ordinary 
>;-.-.^'.'.:  <:>.■<  .:  -i  >yi:.::e.l  '.ep.g:h.  which  is  rotated  about  a 
y.  v.:  s.-.:.::.-.".  :  •.:.  sy..::  r  :hrow  of  the  arch.  As  it  is  * 
'•.\\'\:-:  .■  •^.■..:"-.  :■...::;•.  :.  !  j.r.e  this  center  and  keep  it  cen- 
:-.v'     .•>/.....■.' y      ::>r    :"j-:    h^ve   lo  work   on   platforms^ 

.r."*.v<    ..'^^     ^     •■-..  "ly    j.r...:    accurately    constructed  W 

c:-.y'   y:-^    -.'.J    :-.:/.  .     centers.     These    templets  ^^ 

:-,::v'c;:r     -■.vc     :.■.:  :.rr..::j-.:     to     furnish     the    desire^ 

■.v:u-.      :..::■..':     ..::.:     fastened     together.    T^^ 

c.--.:  .    y  -.:   •".  y    -■.:■...::  about  12  or  IS  incb^' 

■.-    ■.■■.<■■.-■:.:  .s      .;■.::  Vick  of  them.     When  l&^ 

.,^. ..,.-..  ..■     ..  -.    .  ,^  —cison  has  no  excuse  i^^ 

n: .ikinf  :v  '•  >  -i ^ ^  '^  "  ■  ■  ^  ^  '  ■  •  •• !'  1-' ^ -^^  when  sweeps  wef ^ 
usev:.  Who::  :::vvr:<  .w  .  >■•.:. :e.:.  :wo  sets  o:  centers  af^ 
neevied:  one  for  ::.^  :'>...  -.:;■.':  ,  ::e  for  the  outside  of  tb^ 
invert,  since  each  ::.!>  ^i  Jirlerc:.:  rn.-ius.    The  bottom  centel 


:rv.i: 


r.;er> 
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sed  to  furnish  the  proper  curvature  for  the  sand  or 
cnt  bed  on  which  the  masonry  rests,  after  which  ii  is 
drawn*  The  top  center  is  then  put  in  place,  and  the 
built  up  to  it*  

BOCK  TUNNELING 

5.  Bench  Tunnellfi^jf,— -Rock  tunnels  of  small  area 
be  driven  in  full  section:  tunnels  12  ft.  X  12  ft* 
upwards  in  section  should  preferably  be  driven  in 
;hcs.  Fig,  23  shows  a  front  and  side  elevation  of  a 
nel  driven  in  benches.  The  upper  bench  a  is  kept  in 
aince  of  the  lower  bench  d,  and  in  a  12'  X  12'  tunnel 
Id  probably  have  a  heigfht  of  7  feet-  Bench  tunneling 
ciated  as  fully  as  it  should  be  from  an  econom- 
.^Hiint  and  is  practiced  only  when  the  area  of  the 


«'>'/!'/:'>'/?>/.,  >  '>v/yy/yx/yyy»v 


/>>"<'''>''V>  / '''''*'V''y:/'*/vvArV'A"'^' 


lemaods  that  this  system  be  followed.     It  has,  how- 

&me  features  worthy  of  consideration.    The  reduction 

[4c  number  of  drill  holes,  compared  with  the  full-face 

i,  effects  an  economy  in  drilling  and  blasting,  which 

the  most  eic pensive  part  of  mining.     As   the  cost  of 

Wosives  increases  in  proportion  to  their  strength*  bench 

cling   means    a    decrease   in   the   consumption   of  high 

4osires  for  center  cuts.    Then,  too,  as  the  bench  is  never 

*<acloj^  to  the  face,  this  method  makes  loading  easier 

saves  labor:  furthermore,  the  work  can  be  advanced 

ly  by  this  as  by  the  full-face  method. 


..I  J    M-^"* 
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^     lUast     Ilolt's     In    Tunnels.— Where  a 

^    tunnel   is  driven  in  mines  by  hand,  it  is 
.'.c  work  out  on  contract  for  so  much  pe: 
•.f  miners  that  drive  such  tunnels  makes 
i.iy  wajjes,   so  that  the  work  is  generally 
.  expeditiously  in  this  manner  than  when  done 
•  e.     The  average  cost  of  this  work  is  abo-t 
v't.     In  hand  drilling  in  such  confined  pbces. 
-...illy  work  in  gangs  of  two  and  three.    Where 
^.i  ■-.  1 1-inch  bits  are  used,  and  the  holes  are 
.  /i'^  of  about  8(>  inches.     When  three  are  in  a 
v'>  are  bored  to   a  depth  of  about  42  inches. 
•0  bit  used  has  much  to  do  with  the  rale  of 
.  \..!nple.  the  quantities  of  rock  pulverized  areas 
:'/:c  diameters  of  the  hole — in  other  words,  the 
\t<.     If,  therefore,  a  1-inch  bit  is  used,  14 feet 
\'d.  ct)mparcd  with  0  feet  drilled  with  a  li-inch 
N  v'v»'jsidcrable  bearing  on  tunnel  drivinj^^asv^b 
;.  \>:-,  if  the  long  center-cut  holes  are  driven Nvi^^ 
V  \:  hi;ih  explosives  are  used,  the  shorter  si^*^ 
V    .  "VtM\  with  a  smaller  bit,  and,  with  the  use*'* 
w^.  iK'rform  the  desired  work.     It  is  customaf> 
•  .u-jiine  drills,  to  make  the  center  holes  witV^  * 
,   .■    than  the  side  holes,  and  to  use  high  exp*^ 
V*  ii'. v'und  is  light.     The  system  here  advoca^^ 
>  vi'.rU'is  only  in  the  use  of  high  explosives  f^ 


•  .•iiiol    Stu'tlons. — The    smallest    tunnel    secti*' 

.    N,'  xv'vi  ii>  advantage  has  an  area  of  6  ft.  X  0  (^ 

,     •.•  x.m'.I  area  gives  the  men  trouble,  while  abo"^ 

V  •  V  .viler.     There  is  no  advantage  to  be  gaint; 

■  •■',':  S  ft.  X  10  ft.  in  area  when  one  6  ft.  X  Sr 
*>A  /•.  the  requirements:  in  other  words,  the  sizec 

N>.'i!'.d)K' limited  to  the  actual  needs  of  the  niin* 
.,.  ,•  ••  ivaid  that  l')0  small  a  sectional  area  is  nc 
.i'  r!u»  width  of  tunnels  should  be  such  that  a  ma; 
Svivvcv'.*.  ihc  walls  and  a  n:oving  car  without  injury 
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When  a  tunnel  is  driven  in  rock  having  thick  lasers  pro- 
<luce<3  by  sedimentation  or  other  causes,  the  section  should 
[oe  made  smaller  at  the   roof   than   at  the  floor.     This  is 
Illustrated  in  Fig:.  23, 

phich shows  that  such    ?;^^*'^^'^'  -" 

■^  when  arched  is    ';^:'  - 
*We  to  support   the    |^|g|f^ 

^i  without  arti ficial    ^^>  -  - 
^tl.  Tunnels  may  be    '^: 
f^^m    vertical    side    ^> 
sand  parallel  roof    ^ 
^y  floor  walls  when    ^^;: 
Hven    in  solid  Qom- 
P^ct  rock  free  from 
Assures   and  bedding 

PWe-t.       xhe  walls  of  tunnels  driven  in  shale  and  slaty  rock 
^t  t>ie?  supported  by  timbers  or  masonry. 


X»^- 


Fig,  21 


riaelii^e  Shot  Hole^,^ — The  American  method  of 

«3riving  is  to  do  all  drilling,  firing,  and  mucking  sepa- 

«^iid  to  arrange  the  drill  holes  so  that  they  may  prove 

most  effective  when 
fired  in  rounds. 

Fig.  24  shows  the 

face  of  a  tunnel  and 

the  direction   given 

the  holes.  The  holes 

marked^  are  usually 

driven  in  pairs  at  an 

angle,  so  that  their 

inner  ends  will  come 

nearly  together. 

These  center-cut 

holes  are  made  about 

M  htX  long,  atid  are  loaded  with  hi^b  explosives  containing 

^^iil  i^l  per  cent-  of  nitroglycerine  or  a  powder  having  an 

iijtitValcnt  stiengih.     The  side-cut  holes  S  are  made  about 

ieei  deep,   are   charged   with    40   or   50   per  cent,   of 
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center  part  of  the  tunnel.  It  will  be  observed  that  the  back, 
or  upper,  holes  a  point  upwards,  and  that  a  plunger  hole  b 
points  downwards.  The  center-cut  holes  c  point  inwards, 
and  the  side  holes  d  point 
outwards  and  upwards. 
The  holes  c  are  fired  first, 
and  then  the  side  and  top 
holes. 

Another  system  of 
placing  holes  so  as  to  re- 
move a  center  cut  is  shown 
in  Fig.  29  (a)  and(^).  In 
this  case  the  four  holes 
^,  2,  3,  and  4  are  drilled 
toward  a  common  center, 
loaded,  and  fired  first.   The  P'«- ^s 

holes  .5,  6,  7,  and  8  are  loaded  and  fired  next  in  order;  then  the 
remaining  holes  are  loaded  and  fired  in  one  volley.  This 
method  of  loading  and  firing  may,  of  course,  be  varied  to 
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Fig.  20 


(^) 


fititig:  consecutive  rounds  in  holes  .v,  10,  77,  and  72;  75,  7/,  /.>, 
^lid  1«;  and  i7,  i8, 1.9,  and  20.  The  breaking-in  holes  7,  2, ,?, 
^tid  4  must  be  fired  first,  no  matter  in  what  order  the  others 
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are  fired;  if.  however,  the  holes  are  fired  in  the  first  order 
given,  it  is  probable  that  satisfactory  results  will  be  obtained, 
and  certain  that  a  saving  in  time  will  be  effected.  It  should 
be  understood  that  all  the  holes  must  be  drilled  before  any 
are  loaded  and  fired.  Many  accidents  have  resulted  from 
drilling  and  firing  in  rounds,  the  drillers  having  supposed 
that  all  the  holes  were  exploded,  when  such  was  not  the  case- 

40,  Tunnel  Grade  Lines. — One  difficulty  experienced 
in  driving  headings  is  to  keep  the  floor  at  or  about  the  grade 
line.     This  seems  invariably  to  creep  up  1  or  2  feet  and  of 
course  the  roof  follows  the  grade  line.     Miners  claim  that 
this  trouble  is  due  to  drainage,  or  to  bad  rock  that  breaks 
high,  while  as  a  matter  of  fact  it  will  be  found  that  the  drill 
holes  were  not  extended  far  enough,  as  practice  has  demoa* 
strated  that  ordinary  rock  will  break  as  desired  by  placing 
the  drill  holes  within  a  foot  or  less  of  the  line.     If,  aft©^ 
making  an  excavation,  the  floor  must  be  blasted  to  keep  tb^ 
grade,  tunnel  driving  is  an  exceedingly  expensive  operatio^- 
Thc  size  of  the  tunnel  can  be  kept  more  uniform  by  t^^ 
bench  system  than  by  the  other  system.     The  areas  of  tV*^ 
heading  and  bench  should  be  so  proportioned  that  the  af^^ 
of  the  top  bench  will  be  sufficient  to  permit  the  men  to  vfO^^ 
satisfactorily;    at  the  same  time,  if   it  is   possible  to  do    ^ 
without  interfering  in  this  particular,  the  cross-sectional  ar^ 
should  be  made  smaller  in  proportion  to  the  lower  bench    *^ 
order  to  permit  of  the  economical  use  of  powder. 

41.  Newhoiiso  Tunnel. — The  Newhouse  tunnel  staf^^ 
at  Idaho  Sprin^^s,  in  Clear  Creek  County,  Colorado,  at  ^^ 
altitude  of  7,543  feet.     It  is  a  cross-cut  tunnel  having  a  cros^' 
section  12  ft.  X  12  ft.  in  area,  and  is  intended  to  penetra^^ 
a  mountain   .")   miles   and   terminate  under  Quartz   Hill,  ^^ 
Central    City,    2,000    feet    below    the    surface.     In    1   yea.'^' 
2,925  feet  of  this  tunnel  was  driven  with  air  drills  at  a  co^ 
of  $21.45  })er  running  foot,  excluding  the  cost  of  permanef^ 
track  and  cf]uipment.     The  method  of  carrying  on  the  wor^*^ 
is  systematic,  modern  methods  being  adopted  for  power  an^^ 
haulage. 
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42.  The  drilling  crew  consists  of  five  meo»  who  begin 
fk  a(  7  A»  M,  and  continue  until  drilling  is  finished,  usually 
6  p,  M.  These  men  remain  at  work  at  the  face  of 
ae  tufificl  until  they  have  put  in  their  round  of  holes,  when 
*  ive  the  drift  and  are  succeeded  by  the  powder  gang, 
wder  gang,  which  is  made  up  of  five  men,  takes  down 
Eie  drilliog  machines  and  removes  them  to  a  safe  place,  and 
rdien  €hiir^*cs  and  fires  the  first  round  of  holes;  these  duties 
I  luke  wp  about  40  minutes.  There  are  usually  five  rounds 
[to  be  loaded  and  fired,  occupying  the  men  about  3 J  hours* 
lAftcf  a  charge  has  been  fired,  compressed  air  is  used  to 
|<5ri%'e  out  the  powder  smoke,  after  which  the  powder  gang 
I  deans  up  the  track  and  loads  the  first  train  of  ten  cars. 

43*     At  10  p.  M.,  the  mucking  shift  goes  on  and  remains 

l>t  Work  wniil  the  broken  rock  is  removed  and  the  face  is 

rteadjr  far  the  drillers.     The  mucking  gang  consists  of  six  men; 

ftof!  foreman  does  the  picking  and  three  men  shovel  while  the 

r<>lher  two  rest.    This  is  necessary  because  the  men  are  obliged 

|lti  Work  fast  and  load  about  HXI  tons  of  rock  besides  cleaning 

the  tunnel*    (Juile  often  sledges  have  to  be  used  to  break 

^P  the  rock  to  a  size  that  may  be  loaded  readily.     The  cars 

^  *^^^    a  capacity    of   3-5  cubic   feet  or  about  2.5   tons,   and 

•  DetH'een  forty- five  and  sixty  cars  are  loaded  during  the  shift. 

Ah  shown  in  the  following  article,  the  total  cost  per  foot 

►  j<*r driving  a  portion  of  this  tunnel  was  $28.74,  although,  if 

rjtni^t^  ^cen  driven  in  connection  with  regular  mining  work, 

f  ^  fitted  charges  would  have  been  matenally  reduced.     For 

^*^iiLt        '     -cs  and  office  expenses  added  to  those  kerns 

Oo^^-  J,  Lueous   amount  to  $8  per  running   foot.     In 

^^t^ion  to  the  items  quoted,  which  is  about  the  same  as  the 

^*^      for  drill  crews,   premiums  were  allotted  in  order  to 

F^^Vilate  the  men  to  perform  more  work  in  a  given  time* 

item  silon^   amounts  to  $1,87  per  running  foot  and 

^*^^!i  n  further  reduction  for  the  legitimate  cost  of  tunnel 

l»ovx^>«      On  investigating  other  items*  it  will  be  found  that 

methods  were  in  a  considerable  measure  dis- 

lui  ihe  sake  of  rapid  tunnel  driving. 
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44,  The  cost  of  explosives,  track  material,  repairs,  etc.  :i  ,. 
high,  for  the  reason  that,  in  order  to  put  in  their  time,  foL;^ 
men  of  the  blasting  gang  were  obliged  to  either  lay  track  c:>3 
set  timber;  moreover,  no  tamping  was  used  when  charging  ^ 
the  holes.  The  cost  of  the  dynamite  was  about  38  cents  p^x 
ton  of  rock  broken.  The  cut  holes  were  charged  with  dyni^. 
mite  containing  60  per  cent,  of  nitroglycerine,  while  the  sLc3e 
and  back  holes  were  charged  with  40-per-cent.  dynamite. 

Cost 
Items  Pbr  Foot 

Drill  crews  and  foremen $3.01 

Trammers,  blasters,  and  drivers 4.34 

Blacksmithing .      1.03 

Engines 1.15 

Ammunition 4.4& 

Oil  and  waste IZ 

Coal 3.9L. 

Mules 325 

Drill  repairs 82^ 

Premiums 1.87^ 

Tools 3*- 

Timber 15 

Track  and  material 1.84 

Tracklaying  and  repairs 2.07 

Engineering  and  surveying 22 

Salaries  and  office  expenses 1.97 

Miscellaneous,  sundries 

Legal,  insurance,  and  taxes 1.03 

Total $28.74 

45.  Tunneling  on  Crotoii  Aqueduct. — The  data  fr<^  ^ 
the  Ncwhoiise  tunnel  compared  with  the  data  supplied  ^^ 
shaft  15  of  the  Croton  aqueduct  furnish  material  whereby  ^^ 
practical  idea  may  be  obtained  of  the  cost  of  tunnel  work  in 
the  East  and  the  West.     The  rock  at  the  Croton  aqueduct 
was  hard  compact  crneiss  with  occasional  seams  of  quartz, 
very  similar  to  thrit  worked  in  the  Newhouse  tunnel.     The 
area  of  the  headingr  was  Wh.h  square  feet,  while  the  New- 
house  tunnel  had  an  area  of  144  square  feet.     Both  manage- 
ments used  OO-per-cent.  dynamite  for  center-cut  holes,  and 
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r-cent.  dynamite  for  side  holes.  The  number  of  holes 
d  was  the  same,  although  differently  arranged:  on  the 
luct  there  were  eight  center-cut  holes  10  feet  deep,  and 
e  side  holes  8  feet  deep;  while  in  the  Newhouse  tunnel 
were  ten  holes  drilled  to  a  depth  of  10  feet  and  ten 
d  to  a  depth  of  8  feet.  The  aqueduct  tunnel  was  driven 
3 10-hour  shifts,  and  the  Newhouse  tunnel  in  three  8-hour 
.    Ordinarily,  the  10-hour  shift  was  divided  as  follows: 

Operations  Hours 

ducking  from  7  to  9:30 2i 

Wiling  from  9:30  to  4:30 6 

'harging  holes  from  4:30  to  5 i 

iring  from  5  to  6 1 

Total lo" 

>ke  was  driven  from  the  aqueduct  tunnel  during  the 
>etween  shifts,  so  that  no  time  was  lost.  The  n:\ucking 
-complished  by  ten  men  in  2i  hours,  while  in  the  New- 
tunnel  it  took  six  men  8  hours.  The  total  number  of 
employed  in  mining  per  shift  on  the  aqueduct  was 
en,  and  on  the  Newhouse  tunnel  sixteen. 

In  Table  I  is  given  a  comparison  between  two-  and 
shift  work,  as  well   as   a  difference   in  cost   between 
work  in  the  East  and  the  West 

TABIiE  I 
>ST    PER    RUNNING     FOOT      FOR     18' X  13'    TUNNEL. 


Work  and  Materials 


r  in  mining  and  handling  material 

le  and  shop  labor 

er 

id  waste 


les 


tal  cost $22.63 


Newhouse 
Tunnel 

Croton 
Aqueduct 

$  9.74 

$ 

6.47 

2.34 

.69 

4.55 

3.55 

.12 

.12 

3.91 

.17 

1.97 

1.46 

$22.63 

$ 

[2.46 
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47.  Cojft  ol  DrlvinfT  Tiiiiuels.— Tunnel  driving  is 
usually  done  on  contract  at  so  much  per  running:  foot  for  a 
cross-sectionai  area  of  6  ft.  X  7  ft.  The  price  varies  in 
localities  according  to  the  character  of  the  rock  and  the  cost 
of  labor.  In  ore  and  rock  or  rock  alone  without  timber,  ttie 
average  cost  at  eighteen  mines  in  Colorado  is  $8  a  foot,  the 
lowest  being  $4  and  the  highest  $12.  This  is  for  hand  drill- 
ing, the  wages  of  miners  being  $3  a  day  and  the  shifts 
8  hours.  Double-track  adits  cost  about  $25  a  foot  when  driven 
by  hand,  the  cross-sectional  area  being  7  ft.  X  12  ft.  TYie 
expense  connected  with  driving  an  ordinary  cross-cut  tunnel 
either  by  hand  or  with  machine  drills  is  approximately  tlrie 
same;  the  main  advantage  in  using  machines  is  that  tVie 
excavation  can  be  advanced  more  rapidly,  which  is  sometiai  es 
an  item  of  such  importance  that  the  progress  more  \txsn 
compensates  for  the  cost  of  the  drilling.  Soft  rock  is  x-io^ 
much,  if  any,  cheaper  to  excavate  than  hard  rock,  on  accovin^ 
of  the  heavier  timbering  required  and  the  consequent  delay 
in  the  work;  moreover,  there  is  usually  more  inconveni^^^^ 
from  water.  Quicksand  or  running  ground  is  the  tci^^ 
expensive  material  to  penetrate. 

The  cost  of  driving  the   Nelson   tunnel,  now  called     ^ 
Wooster    tunnel,   at  Creede,   Colorado,   was    approxim^^^/ 
$40  per  foot.     A  long  tunnel  at  Aspen,  Colorado,  driver* 
shale  and  Carboniferous  limestone  cost  on  an  average  ^ 
per  foot  for  its  2]   miles  of   length;   the  labor  on  the  ^^ 
0,000   fret,   however,    cost   $11    per   foot,    timbering,  cof^' 
pressed  air,  track,  and  transportation,  with  other  charge ^' 
making  up  the  balance. 

48.  Tunneling  in  Wet  Formations. — When  a  tunnef 
is  being  driven  through  material  containing  much  water,  it 
is  sometimes  best  to  allow  time  for  the  water  to  drain  out 
of  the  formation  before  making  an  advance  cut.     This  does 
not    always    prove    effective,    but    it    shows    what    may   be 
depended  on  in  the  way  of  water;  besides,  if  effective,  it  will 
prevent  a  sudden  rush  of  soft  material  into  the  excavation. 
When  the  rocks  are  known  to  contain  pockets  of  water,  it  is 
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lYisable  to  keep  drill  boles  in  advance  of  the  work,  and  if 
^d  workings  are  being  approached  the  holes  should  be  driven 
both  in  the  face  and  in  the  sides  of  the  tunnel  Much 
datnage  has  resulted  and  many  lives  have  been  lost  through 
the  neglect  of  this  precaution.  The  depth  of  such  proviog 
holes  should  be  about  12  feet;  if  the  depth  of  the  holes  is 
less  than  tbiSi  they  are  possibly  better  than  none  at  all, 
b^it  water  under  great  pressure,  if  confined  by  a  wall  of 
rock  that  is  not  more  than  4  feet  thick,  is  quite  liable  to 
br^ak  through  into  the  workings. 


SHAFTS 


INCLINES  OR  BL.OPES 

4S»    AdTantnf^eB  of  Inclf  neil  Blinfts. — Since  any  open- 

into  a  mine  other  than  a  tunnel  must  have  an  inclination, 

1^  ore  miner  talks  of  inclined  and  vertical  shafts.     Inclined 

l^iii  that  follow  the  dip  of  the  deposit  may  vary  in  their 

^lination,  for  which  reason  they  are  not  so  economical  nor 

<3esirable  for  purposes  of  hoisting  as  vertical  shafts.  The 
[Vantages  of  an  incline  are  that  it  follows  the  ore;  that  it 
^^Umates  the  expense  connected  with  cross-cut  level  driving 
f<l  shaft  sioldug  in  barren  rock;  that  the  material  excavated 

^y  sometimes  pay  for  the  cost  of  sinking;  and,  lastly,  that 
'^-dumping  arrangements  can  be  maintained  at  the  top  and 

'^  much  better  results  than  at  the  head  of  a  shaft* 

1^0*     I>t»nilTHiitfi|res  of  Inclined  81iafts»^ — ^For  econora- 

^l  work*  It  is  necessary  that  a  slope  be  given  a  uniform 

^4e  afi  far  as  practicable.     In  order  to  do  this,  it  will  be 

essary  in  most  ore  deposits  to  blast  up  the  foot-wall  in 

^^^  place,  take  down  the  hanging  wall  in  another,  and  in 

^<*ie  instances  bridge,  with  timbers,  inequalities  in  the  foot- 

f^lL    It  Is  not  utmsual  for  inclined  deposits  to  start  with 

C»*ie  inclination  and  then,  with  depth,  assume  another,  so  that 

'  hoisting  rope  will  in  one  place  nib  oo  rollers  in  the  foot- 

nil  aatl  in  another  place  rub  on  rollers  in  the  hanging  wall. 
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Such  changes  of  inclination  interfere  greatly  with  the  speed 
of  hoisting  and  with  keeping  the  skip  on  the  track. 

The  pump  discharge  and  steam  pipes  often  cause  consider- 
able annoyance  in  slopes,  since,  if  there  is  a  depression,  a 
bridge  must  be  constructed  for  them  to  rest  on;  or,  if  there 
is  a  sudden  change  in  the  dip  of  the  deposit,  they  must  be 
fitted  with  an  elbow  or  bend,  and  in  some  situations  require 
special  arrangements  for  their  support.  If  for  any  reason 
the  pump  pipes  are  to  be  replaced,  the  work  is  more  expen- 
sive and  dangerous  than  in  vertical  shafts,  on  account  of 
the  tlitficulty  encountered  in  connecting  the  pipes  and  anchor- 
ing them  in  the  proper  place.  Inclines  cannot  be  so  readily 
drained  when  wet,  nor  driven  to  so  great  an  advantage  when 
dry,  as  shafts. 

There  is  more  or  less  difficulty  connected  with  laying  trades 
on  inclines,  and  in  keeping  the  tracks  when  laid  from  creeping 
down  the  slope;  since  tracks  are  not  used  in  shafts,  this  item 
is  avoided  entirely.  Although  there  are  a  number  of  serious 
objections  to  slopes,  nevertheless  there  are  cases  where  they 
arc  used  in  preference  to  shafts,  particularly  where  the  amount 
of  money  to  be  expended  is  limited.  For  highly  inclined 
shafts,  skip  cajres  are  now  constructed  that  greatly  reduce 
the  inconveniences  encountered  where  wheel  skips  are  used. 

51.     T.ocatloii  i>f  a  Slope. — The  location  for  an  incline 
shnuld  be   selected   with   a  view  of   obtaining   the  largest 
iinmiint  cf  ore  from  levels  to  be  driven  on  either  side  of  the 
(  \' Mvati":.:   i-ni  at  t:io  same  lime  the  contour  of  the  surface 
^lii-nM  n«'t  ^0  r.cL^'eoto^:.     If  it  is  possible,  without  making 
,,fli.  1  Ti  .itrr>  toi>  i::oo:.ven:ent,  the  opening  should  be  made 
,.,  ♦}.,.  ,*!,•.:   <•:   tV.;.^  property,  provided  there  is  a  suitable 
,!,,.  ,.1,-  :;•.  :::.<■  av.vi  r.o  extensive  depression  at  this  point. 
|..    ,  .,  ,f.  •     :'  iliis  kind,  it  is  not  always  a  good  policy  to 
,,..    ..  rt:.    -:    'in::  >in:p'y  iv^  ir.ake  mining  convenient;  hence, 
,,  .    ,  .     ...     .  •  \])c  V-\\^\:\gs  as  well  as  the  transportation 
;         ....  ..■.■•  ■■■■  i  -  .  =  'nsiv;ered. 

|.    .  ..   .         .  .  ;  .->iV'.y,  it  may  be  thought  advisable  to 

.   ,,..         ;.:•    .'.  ::.e  cov.ntry  rock  rather  than  in  the  ore 
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jot-wall  will  be  better  for  the  purpose  than  the  hanging^ 
owing  to  the  fact  that  ore  will  corae  by  gravity  to  the 
ag  stations.  There  are  other  reasons,  however:  the 
i  wcmld  be  kept  uniform  and  would  not  be  tbrowii  out  of 
jeni  by  caving, 

J.  30  illustrates  a  vein  dipping  into  a  mountain  in  such 

oer  that  a  cross-cut  tunnel  a  would  afford  an  opportunity 

g  only  a  smiill  area  of  the  deposit.     If  a  shaft 

_.-..  at  ^,  it  would  have  to  go  a  considerable  depth 

it  cut  the  veiDt  and  cross-cut  levels  c  would  have  to 

I  through  a  large  amount  of  barren  rock  if  quick  returns 


■ii 


f 


"%. 


f)ee<le<1*     These    levels    would    become   shorter   with 
but  after  the  shaft  had  passed  Uirough  the  ore  they 
ase  in  length  as  the  depth  of  the  shaft  increased. 
I  :n  such  a  shaft  would  have  to  be  hoisted  much 

Iter  than  the  outcrop,  and  while  the  adit  <j  might  be  driven 
:^cr  part  of  the  vein,  yet  if  the  adit  were  not 
1  er  would  have  to  be  pumped  to  the  shaft 
The   ore   ha't^og    been   hoisted   to  the  surface,  it 
ecessary  to  transport  it  to  the  valley  for  milling 

[the  fthaft  J  were  sunk  on  the  foot-wall  side  of  the  vein, 
It   levels  c  driven    to   intersect  the  vein  would 
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become  longer  with  each  sinking:,  and  being  in  unproductive 
rock   would   increase   the    fixed   charges   in   mining.   This 
expense  added  to  the  cost  of  mining  would  eventually  eat  up 
the  profits;   or,  even  if  it  did  not,  no  valid  excuse  could  be 
offered  for  adopting  such  a  plan.     It  would  seem  that  the 
proper  method  to  follow  in  deposits  of  this  kind  would  be  to 
sink  an  incline.     If  this  incline  were  in  mineral,  it  would  in 
some  cases  pay  the  expense  of  driving,  or  at  least,  quick 
returns  would   be    obtained   by  driving   levels  in  the  ore. 
Eventually,  a  shaft  may  be  sunk  when  the  incline  has  reached 
a  depth  where   it  is  knowm    that  charges   can  thereby  be 
materially  decreased,  and  that  there  is  sufficient  ore  to  be 
raised  to  more  than  pay  for  the  cost  of  sinking.     The  incline 
can  then  be  abandoned,  or  else  used  to  remove  ore  mined 
from  levels  above  the  point  where  the  shaft  intersects  the  vein. 

52.  size  of  Inclined  Shafts.— The  factors  that  deter- 
mine the  cross-sectional  area  of  inclines  are  the  expected 
output  from  the  mine,  the  inclination  of  the  deposit,  and  the 
strength  of  the  hanging  wall.  If  it  is  desired  to  hoist  m 
balance  and  raise  more  than  200  tons  daily,  and  thereof  roc* 
and  inclination  will  permit,  a  double-tracked  incline  will  b^ 
desirable.  The  thickness  of  the  deposit  may  influence  tb< 
height  of  the  incline  and  consequently  its  area.  Where  tb< 
deposits  come  away  from  the  hanging  wall,  or  there  is 
selva^^e  jiartino;,  the  deposit  must  be  removed  to  the  hangif*J 
wall,  if  it  is  not  thicker  than  10  feet;  but  if  its  thickness  * 
greater  than  this,  it  will  be  better  to  sink  in  the  deposit 
provided  the  material  will  hold  together  when  supported b: 
timbers  placed  skin  to  skin. 

5»J.  Flat  IiK'liiu's. — Slopes  having  an  inclination  les! 
than  l-')""'  may  1)C  termed  flat  inclines.  Such  inclines  a 
ore  mines  are  not  made  much  over  12  feet  wide  even  whe 
the  roof  is  L^ood,  althous:h  in  some  cases  the  width  could  I 
increased  t(^  advantage,  without  timbering  closely.  There 
an  excellent  tr)p  rock  in  some  of  the  iron-ore  mines  in  Nc 
Jersey  and  New  York  that  are  worked  through  inclines  havii 
a  width  of  from  1*2  to  KJ  feet.     This  fact,  however,  does  i 
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alter  conditions  sufficiently  to  advise  an  increase  in  the 
width  of  the  incline.  If  12  feet  is  sufficient  width  for  a 
slope,  it  should  not  be  made  wider,  even  if  timber  is  not 
recjuired.  Where  several  lifts  are  worked  simultaneously,  a 
doiable-track  slope  is  better  than  a  single-track  slope;  for 
with  the  latter  only  a  comparatively  small  output  can  be  had, 
unless  several  cars  can  be  hoisted  at  a  time. 

S4.  Hoisting:  Cars  for  Flat  Inclines. — Mine  cars  can 
be  employed  on  flat  slopes  for  hoisting,  provided  the  cars 
ar^  constructed  with  this  object  in  view.  When  such  are 
used,  the  back  end  is  made  higher  than  the  front  end,  and 
th^  cars  are  ironed  and  reinforced  in  such  a  way  as  to  prevent 
tli^xn  from  being  racked  by  the  strains  that  come  on  them 
wtien  starting. 

-Another  system  of 
hoisting  is  to  use  a 
slop)e  car  a,  Fig.  31, 
on.  -which  the  ordinary 
mine  car  d  is  run  and 
fast:ened.  The  slope 
car   is  attached  to  the 

hoisting  rope  r,  and 

having  been    loaded 

with  a  car,  is  pulled 

^P  .  cut  of  the  mine. 

At     the   surface,    the 

loaded  car  is  pushed 

off    the  slope  car  on 

^o     a  track,    and    an 

en[i  pty   car    substi- 


4^ 


Fi&.  81 


tuted.  One  advantage  presented  by  the  slope  car  is  that  it 
'^^y  be  stopped  and  loaded  at  any  level  without  the  neces- 
s*^y  of  constructing  an  expensive  loading  plant.     Slope  cars 

*^^  sometimes  made  with  double  decks,  so  that  two  cars  can 

^  Carried  at  one  time. 

56,    Hoistlnf?   Cars    for    8teep   Inclines.  —  Inclines 
K^ater  than  15°  from  the  horizontal  are  considered  steep, 


48 


PRELIMINARY  OPERATIONS 


as  a  man  cannot,  withoat  considerable  difficulty,  travel  Qp 
or  down  unless  he  has  stairs  or  hand  rails  to  assist  him. 
Since  any  slight  jolt  from  onevenness  in  the  tracks  or  from 
fiat  wheels  might  shake  material  from  mine  cars  running  oo 


Fig.  32 


steep  inclines,  skips  on  wheels  are  used  until  the  inclinati* 
from  the  horizontal  reaches  70^.  In  a  shaft  300  feet  dc 
on  steep  uniform  inclinations,  the  friction  of  the  rope  onl 
rollers  does  not  absorb  much  power,  hence  skips  boisti 
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»f  balance  or  tti  balance  are  used  to  advantage.  In  case 
odiDdtion  were  not  uniform,  skips  would  be  usedj  but 
&  would  be  raore  friction  and  more  power  absorbed,  and 
le  in  ore  wear  and  annoyance. 

"hen  the  angle  of  inclination  Is  greater  than   70^  from 

homuntaU  a  skip  on  wheels  will  leave  the  track  unless 

is  practiced  in  boisttng.     In  such  cases  it  is  customary 

Eide  rails  or  discard  the  skip  entirely  and  substitute 
:age.  The  slope  cage  is  shown  in  Fig.  32  to  be 
able  iron  or  steel  frame  provided  with  wheels  a^ 
t  shoes  ^»  safety  dogs  r*  attached  to  and  worked  by  coil 
ng%  d^  and  a  hood  e.  The  wheels  run  on  iron  tracks  that 
^%tened  to  wooden  cage  guides  not  shown.  The  plat- 
B  /  is  adjustable,  while  the  frame  g  holds  the  car  on 
platform. 

Q  objection  to  this  slope  cage  is  that  the  cars  must  be 
led  on  and  off  the  platforra  from  the  end,  thus  making 
ing  plats  necessary  at  each  level.  The  commendable 
tres  of  Ihe  cage  are  the  safety  arrangements  with  which 
equipped,  which  prevent  it  from  falling  in  case  the  rope 
Ich;  Its  comparative  lightness;  and  its  ability  to  bring 
ed  cars  out  of  the  mine*  Without  going  into  details,  it  ts 
d  ihat  very  frequently  a  saving  can  be  effected  where  cars 
>e  hoisted  bodily  from  the  mine  and  not  dumped  before 
^re  has  reached  its  final  destination*  Where  skips  are 
,  the  ore  is  loaded  into  mine  cars,  which  are  pushed  to 
loading  station  and  dumped  into  the  skip*  The  skip  is 
led  to  the  surface  and  dumped  automatically  into  an  ore 
The  cars  running  to  the  mill  or  shipping  station  are 
ed  from  the  bin,  hauled  to  their  destination,  and  there 
iped.  By  loading  and  assorting  the  ore  in  the  mine  and 
ing  in  cars  at  the  face*  two  dumps  and  two  loading 
ioas  may  be  dispensed  witli*  This  is  not  always  practi- 
«&» however,  even  when  slope  cars  and  cages  are  employed; 
lie  ore  may  need  assorting  and  require  another  handling. 
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LOADING    STATIONS 

56.     Loadliipr  Stations  in  Flat  Pitching:  Deposits. 

( )ii  sli^^htiy  inclined  slopes  the  cars  may  be  transferred  from 
the  slope  track  tu  level  tracks  by  means  of  hinged  draw- 
bridges, which  are  lowered  to  the  slope  track.     These  bridges 
have  tracks  so  arranged  that  cars  coming  down  the  slope  can 
be  run  directly  to  the  level  track  when  the  drawbridge  is 
down,  and  loaded  cars  can  be  hauled  from  the  landing  to  ibe 
slope  track.     When  the  bridge  is  up,  loaded  or  empty  cars 
are  not  interfered  with  by  the  bridge.     The  system  is  not 
very  satisfactory,  as  considerable   timbering  is  required  to 
support  the  bridge  and  excavating  is  necessary  to  make  a 
landing  stage  in  the  hanging  wall.     The  slope  car  is  prefer- 
able to  this  method  of  transferring  cars  from  the  slope  to 
the  level.     At  the  lowest  level  in  such  mines,  there  is  a  tum- 
tab'iC  so  located  that  the  cars  can  be  pointed  up  the  slope  for 
hoistin^^  or  toward  the  levels  for  loading.     In  some  cases, 
skips  are  used  with  turntables  instead  of  cars.     When  this  is 
the  case,  the  skii)S  are  unfastened  from  the  hoisting  rope, 
turned,  and  pushed  to  the  stope  for  loading.     As  there  is  a 
loaded  skip  always  ready  to  be  transferred  to  the  slope,  no 
time  is  lost  in  h<.'isting. 

o7.     T.ojHrni^r  St  Jit  Ions  in  Steep  Pltchlnii:  Deposits. 

When  the  i)itch  <.f  a  slope  is  above  45°,  skip  turntables  can 
be  used  on  the  i<jwe-^t  level  of  a  mine,  but  they  are  neither 
satisfactory  n«>r  safe.  The  turntable  must  necessarily  be 
hori/.<.)inal,  thus  makiuLj  an  angle  with  the  slope  track. 
When  tli-.^  ear  starts,  there  is  a  quick  jerk  that  is  intensified 
by  a  sudden  char.Lie  from  a  horizontal  to  an  inclined  direction. 
These  jev'-:s  have  a  tendency  to  disturb  the  ore  in  open  skips, 
so  that  si':r,r  <'f  ir  m.iy  he  dislod^^ed  farther  up  the  slope 
and  roll  (lo.vn  f.  the  lan»i:ni:,  thereby  causing  damage  or 
injury.  Ilen-e.  on  sueh  slopes  a  closed  skip  must  be 
employeii.  the  I'-udiu^  of  which  at  the  face,  while  possible, 
is  both  expensivL-  aud  awkward.  When,  therefore,  the  pitch 
is  steep,  covered  skips  are  used,  and  this  necessitates  the 
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siruchon  of  a  pocket  at  the  lowest  level  into  which  the 

tip  h  lowered.     The  mouth  of  ihe  skip  is  just  a  little  below 

ft  level,   so   that  mine  cars  can  be  dumped   into  it,     At 

t»I>er   levels,  loading    stations    are    constructed,  and   are 

tiiliped  with  aprons  to  direct  the  ore  from  the  car  directly 

Ihc  roouth  of  the  skip,  or  with  pockets  from  which  the 

is  loaded.     In  Fig.  33  is  shown  a  landing  at  an  tipper 


^T^yy^ 


■^^, 


^'# 


5>s 


th     The  mine  track  a  is  kid  to  the  hopper  A  in  order  that 
c  cars  cmi  be  dumped  directly  through  the  hopper  into  a 
I  beneath.     At  r  is  shown  the  skip  track,  while  the  pipe  d 
iBed  for  purposes  of  ventilation. 
ijj.  34  shows  an  arrangement  for  dumping  direct  from 
mine  CUT  into  the  skip.     The  slope  in  this  case  has  a 
pitch  with  strong  walls.     The  timbermg  consists 
.:  without  caps  or  lag^ging.     The  track  for  the  skip 
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is  nailed  to  cross-ties  c,  which  extend  the  width  of  the  slope 
and  rest  ag^ainst  the  upper  side  of  the  foot  of  the  stuUs. 
The  stulls  are  tied  together  by  a  2"  X  ^"  stick,  which  also 
serves  as  a  hand  rail  for  the  men,  this  being  a  two-compan- 
ment  slope.  The  method  of  constructing  the  steps  is  shown 
in  the  upper  right-hand  comer  of  the  figure,  and  consists 
in  spiking  brackets  to  stringers  resting  on  the  cross-ties. 
Boards  are  nailed  to  these  brackets  to  form  treads  or  steps. 


I^^^^^^^'^'^^^^"^^^ 


JStt'£ui/fr  V'.y 


Fig.  34 


58.     Pockc't    Sliaft  Stations. — In  order  to  hoist    ^_, 

ditlcTcnt  levels  of  a  mine,  it  is  necessary  to  have  lo^^ 
stations  with  pockets  for  ore.  A  side  elevation  o( 
arran^^ement  tor  this  purpose  is  shown  in  Fig.  35. 
pocket  a  is  cut  in  the  hanj2:in<j  wall  so  as  to  have  an  incl^' 
tion  of  at  least  40-.  If  the  shaft  is  in  the  foot-wall,  ^ 
pocket  can  take  the  direction  shown  to  the  vein;  if ,  howe^'* 
the  shaft  is  in  ore,  the  pocket  must  be  nearly  parallel  ^' 
the  shaft  but  not  directly  above  it,  as  that  would  weaken  t 
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59.  Pocket  Stations  on  Steep  61oi>cs. — The  advan- 
tages to  be  derived  from  loading  stations  are  that  the  dif- 
ferent levels  in  the  mines  can  be  worked  at  the  same  time 
and  the  output  thereby  increased,  and  that  there  need  be  no 
waiting  for  the  trammers  to  come  to  the  skip,  and  the  tram- 
mers need  not  wait  on  the  skip.  This  makes  hoisting  and 
loading  independent  somewhat  of  mining  and  tramming,  and 
vice  versa,  for  the  pockets  hold  sufficient  ore  to  supply  the 
skip  for  a  short  time.  Fig.  38  (a)  shows  one  method  of 
constructing  a  pocket,  in  which  the  timbers  are  carefully 
framed.  The  slope  in  this  case  has  posts  a;  sills  d,  which 
also  act  as  cross-ties;  caps  or  collars  c;  and  ties  d.  The 
space  between  these  four-stick  sets  is  lagged  on  the  roof 
side.  The  uprights  for  the  ore  bin  are  independent  of  the 
slope  timbers,  although  they  can  all  be  tied  with  bolts  if  it 
is  so  desired.  The  tramming  for  the  bin  and  station  must 
be  carefully  made,  so  that  no  lost  motion  will  take  place  at 
the  joints.  Square-set  framing,  Fig.  38  (d),  will  be  semc^ 
able  at  all  but  the  mud-sill  joints  /;/.  Against  these  tenons 
the  posts  a  abut  by  means  of  the  tenons  r,  as  well  as  the 
caps  d  by  means  of  the  tenons  r/.  The  ties  are  mortised  in 
a  manner  similar  to  the  caps  />.  and  abut  against  r  at  right 
angles  to  (I  and  /'.  The  mud-sills  are  framed  as  in  Fig.  38 (r). 
or  in  some  equally  serviceable  manner. 

(>0.     Floor  Pockets. — Pockets  are  sometimes  made  ifl 
the  sides  of  the  incline  when  that  is  steep.     The  system  is 
shown  in  plan  and  elevation  in  Fig.  39.     The  ore  pockets^ 
are  excavated  in  the  f(^ot-wall,  if  possible,  on  each  side  ot 
the  slope,  so  as  to  leave  a  solid  wall  beneath  the  track  and 
do  away  with  the   timbering  shown.     The  slope  a  is  litn- 
bered   with   scjuare   sets    and    lagged  on    top.     The  ore  is 
trammed  on  the  levels  /'  to  the  slope  pockets  and  dumped. 
There   is  a  hiuLred    chute  f  connected   with  a  gate  in  the 
pockety  by  means  of  which  the  skid  (/  is  loaded.     The  pockets 
can  be  sunk  in  ore,  and  arranged  so  that  little  timbering  is 
needed  in  their  construction.     Pockets  are  valuable  adjuncts 
to  slopes,  since  hoisting  is  made  easier  for  the  engineer, 
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can  pay  attention  to  one  set  of  pockets  until  they  are 
ly  ttnd  then  hoist  from  some  other  level.     This  system 


^11! 


ANX 

^^v 


Fici.  S!} 


o?»ling  also  minimises  the  chances  for  accidents  through 
^nj^oeer  uiistakiogr  ^e  signals* 


SLOPE  SlNKINt; 

li  Fneicirs  In  Slope  8ttikliijj, — Considerable  diffi- 
y  may  be  experienced  in  overcdming  the  various  troubles 
"Cental  to  slope  sinking  unless  every  contin|:ency  is  appre- 
^and  pf  ovidetl  lor.  Track  lay  Sag  also  on  slopes  becomes 
^difficult  as  the  ioclinaiion  increases.  Other  factors  than 
nution  require  that  slope  tracks  be  carefully  laid  and 
Irelf  fastened.  Drainage  and  the  removal  of  blasted 
Bfial  require  some  form  of  power  plant.  The  rate  at 
tb  nlope  excavations  may  be  advanced  depends  on  the 
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•jV^wcr  at  command  and  the  facilities  for  drilling  holes,  tim- 
bering:, hoisting  broken  material,  and  pumping  water.  The 
necessity  for  sufficient  power  is  further  emphasized  when  it 
is  understood  that,  before  each  blast,  pumps  and  tools  must 
iH"  r.rlsed  out  of  danger  or  protected  in  some  way  from 
iiyinj;  rocks. 

<*-•  Slopo  Kxcavatlons. — ^Vhile  the  character  of  the 
TiK  k  del  ermines  somewhat  the  ease  with  which  it  may  be 
broker.,  yet  in  slope  sinking  the  rock  is  difficult  to  break 
wb.e:'.  ooiup.ired  with  tunnel  driving  in  similar  rock.  Nearly 
.ii;  bl.istin*;  nuist  be  done  against  the  action  of  gravitation, 
.iiu:  .uKiition.il  drilling  and  powder  wnll  be  required  to  break 
the  :\vk  ii  it  binds.  Some  miners  arrange  the  holes  for 
slv^pe  sinking  the  same  as  for  tunnel  driving — something 
ih.i:  :s  r.v^i  .ilw.iys  possible  where  much  water  is  encountered. 
riio  usu.'.l  :v.ethod,  therefore,  is  to  keep  the  bottom  of  tb< 
>lope  in  .uiwir.oc  of  the  top,  or  else  have  one  side  kept  i' 
.uiv.iiKv  ir.  o:\:or  to  collect  the  water.  The  center  might  t^ 
chv^sen  :\^r  li'.e  suir.p  cut:  but  as  the  latter  is  directly  unci* 
the  ir.iok.  ;:  i^  uoi  .uivisable.  The  advantage  to  be  deriv^ 
t:\^:r.  .i  sivie  c;:t  i:u:ependent  of  the  advantages  accnii^ 
!:o-.v.  tlie  v.se  o:  ;i  sump  is  that  two  free  faces  are  given  f 
siibsoviiu :::  b\is:s,  dnd  in  some  cases  lifting  shots  will 
tv  ;r/.vi  >c:  \  :^\ab*.e.  Adv.uitage  should  also  be  taken  of  a^ 
>1-.;^  .  •.  ^:o.i\,ii:e  pl.iTU's  that  make  their  appearance  duri^ 
-^.-..k::.:^  V  •,n'r.,ti.v'.>,  i:i  order  that  the  breaking  powder  of  tJ 
t"\v"..'^:vL^  -.v.-.y  :^o  !r..K:e  more  effective. 

<>»>.  IMai-iiitr  Drill  llolos. — In  sinking  slopes,  the  pitc: 
\\:.!  ::.i\c*  ^^'T:.v^  •.!r'i;c::ce  on  the  method  followed  in  placin 
iho  k\v\'\  '::.  \  n  \:\  tl.it  s'opes,  as  shown  in  Fig.  40  (a),  i 
w  . '. !  ':  H'  :■.:•/:  :  -  : :  o  r  1 1;»  \v o r k  on  a  vertical  face  a  b  rathe 
\\\A\\  i»:i  ..  l-v^::..  :m.;!  I'Ov^r  r  d\  for  the  reason  that,  after  tl 
lower  iii^lr^  .i:\^  :  l.l^u^:.  the  two  free  faces  together  wi' 
i:!aviM;iv'M  w  *.'.  ;i'-s>:  r:;e  others.  It  would  be  found  rath 
diiVK'ult  to  jv.;r  in  ho'^-s  on  the  floor  cd^  as  the  roof  wor 
intortore  wii'n  \\w  ilrillin;:  and  the  shots  would  in  any  ca 
have  a  teiuleney  tv»  leave  a  more  or  less  vertical  face. 
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-^11^-  TTiter  cents  frm  ibcve  the  sinkins:  operations,  is 
liiv^  i  :i^"£  >^=T  izi  celiac:  the  water,  and  then  pumpfrc 
:i::5  5:1'=: r  Tie  AiT-irMges  of  this  arrang:emeDt  are  tl: 
tie  r-iiTTT  -^*i  zc:  r^  ciscoanected  before  nor  connect 
i::er  tici  r'i>:.  iri  thi:  ihe  water  does  not  run  to  t 
b:::rrr.  .:  :i:e  sirpe  a^c  interfere  with  the  loaders  a 
vir.-ler^.  It.  ci<e  wiier  c^cmes  in  below  the  tank  sump, 
r-l>.'7r.e:er  r'r.i:  is  ei5:>  connected  and  disconnected  can 
;:>e\i  :r  rj.:>e  -ari:??  fcr  some  distance  to  the  tank  sump. 

Fi^.  +.*  .  sh:  ws  a  vertical  face  in  a  highly  inclined  slo 
j.=i  :r.e  vi.s^irrinuL^es  drillers  must  work  under.  Tripe 
or  sr.Ji::  rjirs  r,::^h:  be  used  in  this  case,  but  neither  coi 
re  '.vorke^si  :.*  idvaniage  for  every  hole,  and  the  tender 
woulu  S?  :.-  eveninilly  work  to  the  flat  floor.  Fig.  40  (b). 


64.  RoiH"  Mats. — It  h3LS  been  customary  in  sinking 
wei^h:  v'.owr.  :he  shots  with  heavy  timbers,  and  to  coven 
n:Ajh:r.ery  with  Ji  rettery  of  rough  logs.     The  battery  v 

usually  placed  a  short  ( 
tance  up  the  shaft,  c 
was  a  sort  of  platform 
which  the  machinery  i 
tools  were  hoisted.  It  y 
also  the  place  to  which 
loaders  and  blasters  reii 
when  shots  were  to  be 
ofiE. 

A  comparatively  rc( 
method  for  the  preven 
of  rocks  flying  from  a  t 
is  that  of  placing  a  i 
mat  against  the  face 
weighting  it  down, 
mat  system  was  prad 
with  great  success  di 
the  construction  oi  the  sii:nvay  in  New  York.  Fig.  41  si 
the  mat  construction.  Hen'.p  ropes  are  woven  at  right  ai 
in  such  a  manner  as  to  leave  small  meshes.    The  ropes  v 
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cross  at  a  are  fastened  with  stout  twmei  and  the  ends 
he  rope  ^  are  looped  over  a  border  rope  ^'.  The  border 
U  given  a  loop  at  rf,  in  order  to  fasten  the  mat  down 

enable  U  to  be  hauled  about.     Ropes  for  this  purpose 

ild  be  at  least  1  inch  in  diameter;  sometimes,  they  are 
ie  brger  than  this,  for  the  heavier  they  are  the  greater  is 

resiiiarice  Lhey  will  offer.     When  the  stones  fly  agamst 

mat  they  are  gradually  brought  to  rest. 

o.  Power  for  Bliikliigr  blaties,  — Horse  whims  or 
epower  bolsters  are  serviceable  and  useful  machines 
re  lime  is  an  object^  but  their  usefulness  is  limited  by 
depth  of  the  shafts  or  slopes  and  their  size.  While  the 
ten*  named  can  raise  heavy  loads,  they  are  geared  back 
that  animals  are  not  able  to  travel  fast  enough  to  accom- 
h  the  rapid  hoisting  needed, 

hen  rock  drills  are  used  for  sinking,  steam  power  should 
t  ]  for  the  compressor,  hoister^  and  pump.     The 

i  -  y....,:  fur  the  compressor  could  also  run  the  bolster, 
tee  hoisting  and  drilling  are  usually  carried  on  at  separate 
ifts;  biu,  even  with  no  water  to  pump,  timbers,  tools,  and 
cki  must  be  lowered,  and  these  will  require  the  use  of 
tut  power  over  and  above  that  necessary  for  the  com- 
»sor.  It  is  customary,  therefore,  lo  arrange  the  boiler 
int  so  thAt  (he  hf>isting  engine  and  pumps  shall  have  sepa- 
w  boikr  power  from  that  of  the  compressor.  Where  large 
'pes  are  being  sunk,  several  engines  are  employed- — one 
hoisting  the  broken  rock;  another  for  lowering  timbers* 
ip  pipes,  tracks,  and  tools;  and  sometimes  a  third  for  the 
ip.  The  several  engines  are  not  of  the  same  size  or 
,  hul  are  graded  to  meet  the  conditions  of  the  work  for 
ich  iticy  are  intended* 

Tmckluylti^    i>ti     8lopes,— Besides    the    regular 

:avity  tending  to  pull  the  track  down  a  slope,  the 

^  ^,.  the  cars  also  acts  in  a  similar  manner*     To  these 

>  arc  to  be  added  those  due  to  changes  in  temperature, 

1  tract  ion  due  to  coM  and  the  expansion  due  to  heat* 

rrr  «xertt-rj   Mv  the  combined  forces  is  sufficient  at 
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times  to  break  nsh-plate  joints;  hence,  when  laying  $ 
tracks  too  great  care  cannot  be  exercised  in  fastening  t 
securely.  In  order  that  hoisting  may  be  carried  on  ¥ 
slopes  are  being  sunk,  the  tracks  should  extend  to  the  s 
bottom.  The  lower  12  or  16  feet  of  the  track  can  be  r 
portable,  so  as  to  be  quickly  removed  for  blasting;  the 
of  the  track,  however,  should  be  firmly  fastened  to  ties 
timbers. 

Fig.  42  shows  the  method  of  laying  and  holding  a 
on  a  flat  single-track  slope.     The  ties  a  are  placed  bet 


Fi...  U 

Ion 2^  ties  ^,  which  are  held  in  place  by  hitches  cut  i 
walls.  In  strong  material,  these  hitches  are  sufficiei 
weak  material,  however,  they  should  be  reinforced,  ai 
by  i3()sts  or  by  iron  pins  placed  on  the  dip  side.  Whenl 
tracks,  care  nnist  be  taken  to  prevent  two  rail  joints 
coniinj::  on  the  same  cross-tie.  It  is  considered  almost  i 
ative  that  the  joints  in  mine  tracks  should  come  as  show 
and  even  more  so  on  inclines.  The  reason  for  this  h 
if  all  strains  came  at  one  place,  they  would  not  ha' 
same  equalizin^^  and  stiffening  effect  that  occurs  when 
are  broken,  and  hence  rupture  would  occur  much  more 
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67.     Ootiblc    Tracks   on   Slopes, ^ — Fig.   43  shows  the 

I  plan  of  a  double-tracked  slope  from  12  to  16  feet  wide.  If  it 
is  desired  to  divide  the  slope  into  compartmentSi  posts  e 
we  placed  between  the  tracks  and  the  brattice  boards  /  nailed 
to  them.  It  will  be  noticed  that  every  third  lie  is  held  by 
hitches  cut  iJ3  the  side  walls  of  the  slope ♦  and  that  the  inter- 
lueiiiaie  ties  extend  under  both  tracks.  On  steep  stopes  this 
Tcinforcement  is  not  sufficient .  and  holes  are  drilled  in  the 
fooHvall  into  which  iron  or  steel  pins  d,  1  inch  in  diameter, 

I  we  securely  fastened.  There  are  two  methods  of  securing 
these  pias;  namely,  by  wedging  with  wood  or  by  calking 
wiih  lead;  the  latter  method  while  more  expensive  is  proba- 
bly the  better*  Any  timber  posts  used  on  the  slope  are 
placed  to  the  dip  side  of  the  ties^  and  should  be  inserted 
in  hitches  cut  in  tlie  foot-wall  to  prevent  them  from  being 
pushed  out. 

88,  Conii>artinent  Slope©. — Where  double-tracked 
slopts  are  used,  they  should  have  partitions  between  the 
tracks  for  the  purpose  of  securing  ventilation.  This  makes 
ft  two-H;ompartment  slope,  but  the  same  effect  on  ventilation 
^  be  brought  about  by  putting  the  steam,  water,  and  air 
Pip<;a  in  a  compartment  separated  from  the  hoisting.  The 
heat  radiating  from  the  steam  pipes  will  cause  an  upward 
^rtent  of  air  and  thus  increase  the  ventilation,  the  fresh  air 
l^^sing  down  the  hoisting  compartment*  When  a  separate 
made  may  is  required  for  the  men,  the  air  and  pump  column 
P'pes  can  be  placed  in  this  compartment,  and  the  steam  pipe 
to  the  hoisting  compartment.  The  steam  pipe  if  placed  in 
^f^c  traveling  compartment  would  heat  the  men  when  ascend- 
^t  the  ladder,  and  the  upcast  would  give  them  impure 
*ir  to  breathe  from  the  mine  below*  Both  conditions  are 
fl^lrimental  to  health,  for  which  reasons  they  are  to  be 
ivoided* 

69i    LaUders  ana  Man  Engines. — If  men  are  to  travel 
I  op  and  down  a  slope,  a  compartment  should  be  set  aside  for 
fcteir  tise.     The  necessity  for  this  increases  with  the  inclina- 
I  oi  the  slope,  since  the  men  are  more  liable  to  accident 
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from  any  object  falling  down  a  steep  slope,  from  the  fact 
that  they  cannot  so  well  get  out  of  its  way. 

In  some  cases,  the  law  demands  that  man  engines  be 
installed  for  the  miners  to  use  when  going  into  and  out  of 
the  mine.     In  other  cases,  the  men  are  allowed  to  ride  into 
and  out  of  the  mine  on  cages,  cars,  or  buckets,  ore  hoisting 
being  suspended  during  this  time.     That  such  laws  are  just, 
a  short  calculation  will  show.     Take,  for  example,  a  slope 
with  a  thousand  steps  each  1  foot  high,  and  say  that  a  m^^ 
150  pounds  in  weight  has  to  ascend  them  after  a  day's  work- 
In  doing  so  he  will  have  performed  150,000  foot-pounds  oi 
work  or  an  amount  equivalent  to  raising  75  tons  1  foot. 

70.  Timbering:  Slopes. — The  method  of  timbeTitxZ 
adopted  for  inclines  depends  on  the  strength  of  the  wail^^ 
and  the  angle  of  inclination.  Some  slopes  require  v^^ 
little  timber;  others  need  timbers  their  entire  length.  Th^^® 
are  numerous  ore  deposits,  the  walls  of  which  have  be^^ 
shattered  by  dynamic  influences,  particularly  in  mountaino  ""^^ 
regfions,  and  a  slope  if  excavated  in  such  material  must  ^*^ 
timbered  from  top  to  bottom  with  timbers  set  close  togeth^^^' 
Some  such  formation  as  that  just  mentioned  is  usual  ^y 
encountered  near  dikes. 

Mineral  deposits  are  found  in  material  of  a  clayey  nata^^ 
that  swells  in  some  cases  and  spalls  in  others.     Some  kin^^ 
of  porphyry  have  been  altered  to  clayey  rock,  which  swel^^ 
when  an  excavation  is  made  in  it.     Some  shales  spall  badly 
when   air  and   water  come  in  contact  with   them  after  nP 
excavation  is  made.    Water-bearing  rocks,  particularly  Umc^ 
stone   and  sandstone,   need  to  be  carefully  secured.    Any 
swag:s  in  the  roof  show  heavy  ground,  and  should  either  be 
taken  down  or  securely  supported.     About  all  the  varyingf 
conditions   met  in   tunnel  driving  will  probably  be  encoun- 
tered in  slope  sinking. 

71.  Skln-to-Skin  Timbering:. — Where  ground  is  bad 
on  moderately  inclined  slopes,  it  is  customary  to  place  tim- 
bers close  together.  Timbers  for  this  purpose  may  be 
either  round  or  squared,   according  to  which  form  is  the 
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most  available  and  the  mast  economical.     The  slope  being 

a  permanent  opening    should   have   durable    timbers*     If. 

instead  of  timber,  masonry  or  concrete  is  used*  it  will  be 

km4  tc  some  cases  to  be 

ui  economical  sobs  ti  tut  ton, 

Pig.  44   is    an  example   of 

tiliiee-stick  rauad  timbers 

pUced  skin  to  skin,  the  ob- 
I  }tQi  being  to  resist  the  pres- 
|»ttr«  of  the  mineral  on  the 
Mtdes  and  of  the  hanging 
pall    This  method  of  tim- 

*rtng   is    particularly   ser- 

*c^cable  at  the  entrance  of  a 
lojie.  as  at  this  point  the  rock  has  little  consistency,  owing 
feathering,  which  will  increase  after  the  slope  has  been 
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^2,    Three*St!ck  Tlmljcrlng  With  Lagging.— Where 
pressure  on  slope  timbers  is  not  heavy,  but  still  the  rock 
tiot  sufficiently  firm    to  keep   from   spalling,   three-stick 
*^^^ baring  with  lagging  is  used*     Fig.  4b  shows  the  method 
l^Opred  for  a  double-track  slope  that  needs  little  timbering 

except  for  the  min- 
erals; on  account, 
however,  of  its  width 
—from  12  to  16  feet 
inside  the  timbers— it 
is  considered  unsafe 
to  leave  the  top  rock 
entirely  unsupported. 
As  the  sticks  for  this 
method  of  timbering 
are    from    10    to    12 


*^m  t00fK.<f*m.^^» fii^ti 
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is  in  dirt  meter,  it  iji  customary  to  add  a  center  post  whose 
Irefttft  in  a  hitch  cut  in  the  rock  and  whose  top  is  notched  to 
ihc  collar.    The  system  of  notching  is  a  species  of  dove- 

Dg  that  is  made  necessary  ou  account  of  such  sticks  being 
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placed  almost  at  right  angles  to  the  foot  and  hanging  walls. 
The  timber  sets  are  given  36-inch  centers,  which  space  is 
decreased  as  the  ground  increases  in  heaviness.  The  lag- 
ging— whether  sawed,  split,  or  round — must  be  firmly  fixed 
back  of  the'  timbers,  particularly  above  the  collars  and  joints. 

•  73.  Five-Stick  Timbering. — When  moderately  pitch- 
ing slopes  are  to  be  supported,  a  good  job  may  be  had  if 

timbering  such  as  that 
shown    in    Fig.  46  is 
adopted.    This  system 
is  employed  with  en- 
tirely  satisfactory  re- 
sults in    some  of  the 
mines  in  the   Eastern 
United    States.    The 
leg  a  is  double-notched 
to  the  sill  c  and  to  the 
collar  b.     The  post  d  has  dovetail  tenons  at  each  end  to 
mortise  into  the  sill  c  and  the  collar  b. 

Fig.  47  shows,  in  detail,  the  double  notch  for  the  leg  a  and 
the  sill  c.  The  latter  is  shown  in  the  position  it  would  have 
on  the  slope;  that  is,  in  the  left-hand  joint  when  one  faces  the 
slope  at  the  surface.     The  leg  a  is  reversed,  to  show  the  step 


Fig.  46 
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Fig.  17 
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Pig.  48 


in  the  notch  that  prevents  the  leg  from  slipping  ofiE  the  sil 
toward  the  dip. 

Fi<r.  18  .shows  the  wedg:e  tenon  for  the  post  d.  Fig.  4( 
The  sill  (1  is  in  the  position  it  would  occupy  in  the  slop 
that  is,  the  deepest  part  of  the  mortise  that  becomes  wedg 
shaped  is  shown.     The  leg  b  is  turned  to  show  the  teno 
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It   the  thickest   part  of   the  wedge  fits    into  the  deepest 

in  of  the  mortise  in  the  sill,  thxis  preventing  any  move* 

^eni  of  the  post  to  the  dip. 

Pig,  49   shows  the  dovetail    mortise  and  tenon   that  is 

&5red  a  great  deal  for  posts  on  slopes.     This  joint  is 

By  made,  and  effectually  prevents  the  posts  from  moving 


^3^^ 
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'i"wn  uie  slope.  Care  must  be  taken  in  making  the  cuts 
^thaiiiie  tenon  on  the  leg  wilt  fit  snugly  in  the  mortise  of  the 
If  the  tenon  is  too  small,  the  pressure  will  ngt  be 
hransmiUcd  to  the  silt  property,  and  this  may  cause  the  leg 
ha  be  moved  out  of  position.  Joints  that  are  loose  must  be 
ibyed  ii|i  rigidly  by  smalt  wooden  wedges.  The  same  dif- 
|ficiiltic^  wrill  occur  in  case  the  tenon  is  too  large,  but  the 
|t«tncdies  are  different;  for  either  the  tenon  must  be  cut 
loowu  or  the  mortise  enlarged.  The  joint  between  the  col- 
V^  ^  and  the  legs  a.  Fig,  46»  is  shown  in  Fig,  50,  In  the 
\^Zm,  a  is  the  leg 
r*^d  h  the    collar 

^rned  over  so  as  to 

illustrate  ihe  notch- 
\^t  to  ih«  best  ad* 

I  reaihiy  s^jen  that  this 

I  double  notch  is  for 

llhi)  left  ieg  of   the 

[tinibcr  frame   when 
i)kbg  down  the  slope,  and  also  that  the  raised  projection 
'  ^'*:^  '       '  fire  vents  the  frame  from  moving  unless  the  sill 

ROVr  ,i^ 

Fif,  51  shows  the  ordinary  mortise   and  tenon   that  is 
en  bent  legs  and  sometimes  mine  timbers]  the  notchingj 


Fig.  51 
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however,  is  faulty,  since  the  pressure  coming  on  the  leg  may 
cause  it  to  move  and  shear  the  piece  of  wood  between  the 
mortise  and  the  end  of  the  stick.  The  joint  shown  in  Fig. 52 
is  more  serviceable  than  that  shown  in  Fig.  51,  besides 
being  easier  to  make.  The  leg  is  kept  from  slipping  out  of 
the  notch  by  wedges  driven  between  it  and  the  walls  of  the 
excavation,  and  such  notching  ^an  only  be  employed  where 
the  timbers  fit  close  to  the  side  walls.  If  any  other  joint 
than  those  described  is  used  on  slopes,  care  should  be  taken 
that  every  part  of  it  fits,  for  if  poorly  made,  the  weight  will 
not  come  on  it  properly  and  may  be  thrown  on  a  surface  that 
will  give  way. 


74.  Tlinl>erliipr  Steep  Inclines. — Simple  framed  joints 
economize  in  material  and  labor,  and  it  is  therefore  good 
practice  to  adopt  a  joint  that  will  fulfil  these  requirements 
and  meet  the  demands  of  the  pressure.  Steep  inclines  arc 
timbered  with  square  sets,  the  various  members  of  which 

should  be  chosen  with  a 
view  of  accommodating  the 
various  pressures  to  be 
resisted.  For  example  t 
Fig.  63  shows  the  side  ele- 
vation of  a  square  set  fo^ 
slopes.  The  posts  a,  sills  /*» 
and  collars  r  are  10  in.  X 1^ 
in,  square;  while  the  ties  ^ 
that  separate  the  sets  ar^ 
6  in.  X  6  in.  square.  M^ 
the  duty  that  the  ties  hav^ 
to  perform  is  to  keep  th^ 
square  sets  from  moving' 
out  of  place;  hence,  to  use  larger-sized  sticks  than  are  neces- 
sary to  meet  tiie  requirements  would  be  a  waste  of  material. 
At  an  antrle  jrreatcr  than  *''>',  the  ties  should  be  increased  in 
sectional  area,  because  they  will  have  to  sustain  a  part  of  th€ 
weight  of  the  square  sets.  Above  32°,  material  will  moveb^ 
gra^nty  down  a  rock  slope  that  is  fairly  smooth. 


PRELIMINARY  OPERATIONS 


69 


/gyyg' 


plan  of  the  timbering  of  which  Fig«  53  is  a  side  eleva- 
is  shown  in  Fig,  54.     The  caps  c  and  the  ties  i/  are  the 

timbers  seen.     The  ties  may  be  dapped*  or  dovetailed, 

the  cap  and  sill  pieces.     In  the  former  case,  the  dapping 
uid  also  extend 
r  tbe  post  ends,  so 

Ihey  will  have  the 
fiaiage  of  a  brace, 
shown  in  Fig.  55* 

end  elevation  and 

liliDW  that  the  lira- 
tag  is  for  a  two- 
ipartment  slope.  In 
;.  55  a  center  post 
♦  X  10  in*  is  shown, 

three  posts  are  dovetailed  into  the  caps  and  sills.  The 
tetl  lines  above  and  below  the  posti*  represent  the  posi- 
as  occupied  by  the  ties  when  in  place*  In  case  it  is 
^iti  to  make   two   compartments,  a  downcast   and  an 

^    upcast,    the    planks  €   are 
nailed  to  the  central  posts. 
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Fig.  55 


75,  Fig.  5^  shows  a 
system  of  timbering  em- 
ployed where  the  inclina- 
tion of  the  slope  is  more 
than  45*^ .  It  will  be  not  iced 
that  the  timbers  are  all 
the  same  size  and  nearly 
t  Umt  length*  The  posts  and  the  caps  ci  have  cleats  4 
^i  to  them  for  the  purpose  of  holding  lagging  e.  In 
|lc-$tick  tinnbering  on  inclines^  it  is  ens  torn  ary  to  give 
*  posts  or  stulls  an  underset  that  is  a  slight  inclination  up 
J  sicipc.  Where  square*set  timbering  is  employed,  the 
U  shottkl  be  at  right  angles  to  the  hanging  and  foot- 
Hi.  If  the  joints  are  properly  constructed,  any  move- 
1  t»f  the  hanging  wall  will  be  resolved  into  two  com- 
leitts*  so  far  as  pressure  due  to  weight  is  concernedi  one 
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tinz  in  the  direction  of  the  tie  and  the  other  in  the  direc- 
m  of  the  leg;  and  these  pressures  will  be  transmitted  to 
e  foot-wall  and  other  timbers.  If  there  is  an  underset 
vcn  to  squared  sets,  the  pressure  cannot  be  transmitted 
»  that  the  full  cross-sectional  area  of  the  timber  will  be 
)posed  to  it. 

The  joint  /I  in  the  side  elevation  is  shown  enlarged  at  B. 
he  method  of  dovetailing  the  joints  with  posts,  caps,  and 
ills,  and  with  ties,  caps,  and  sills,  is  shown  at  C.  From 
be  top  plan  given,  it  will  be  seen  that  this  timbering  is  for 
I  three-compartment  slope.  The  dovetailing  of  the  posts  is 
ihown  by  the  dotted  lines,  and  the  ties  are  shown  dapped 
K>  fit  into  the  caps  and  rest  on  the  top  of  the  posts. 
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VERTICAL-SHAFT  SINKING 


SHAFT  SINKING  TO  BED  KOCK 

1.  Forms  for  Sharts. — In  the  United  States,  shafts  at 
ore  mines  are  generally  made  with  rectangular  cross-sectional 
areas.  Shafts  having  such  a  form  as  this  appeal  to  American 
miners,  because  they  are  more  readily  sunk,  their  walls  can 
be  cheaply  supported  by  timbers,  and  every  part  of  the  space 
inside  the  shaft  lining  can  be  utilized.  Shafts  having  cross- 
sectional  areas  in  the  form  of  rectangular  parallelograms  are 
preferred  to  those  whose  cross-sectional  areas  are  square,  as 
they  can  be  more  readily  timbered,  and  the  timbers  are  better 
able  to  resist  side  pressure  at  great  depths  on  account  of  the 
ease  with  which  they  may  be  braced.  This  can  be  seen  by 
referring  to  Figs.  1  and  2,  which  are  rectangles  having  the 
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Fig.  1 

same  cross-sectional  area.  The  compartments  a,  d,  c,  and  d, 
Fig.  1,  are  in  a  row  and  are  separated  by  timbers^,  ^,  which 
act  as  braces  to  strengthen  the  wall  plates  /.     The  lining 
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that  separates  the  compartments,  also  the  cage  guides  in 
vertical  shafts,  and  the  anchors  for  pipes  and  ladders  are 
fastened  to  the  cross-pieces,  or  buntons. 

The  compartments  a,  b,  c,  and  dy  in  Fig.  2,  have  the  same, 
area  as  those  in  Fig.  1,  but  the  braces  e  and  /are  twice  as 
long  as  in  Fig.  1,  and  where  bunton  e  is  one  stick,  bunton/ 
must  be  composed  of  two  sticks  jointed  to  e.  Under  such 
conditions,  the  buntons  e  and  /,  Fig.  2,  would  be  as  strong  as 
those  in  Fig.  1,  if  it  were  possible  to  have  a  stick  twice  as 
long  as  another  and  just  as  stiff,  or  to  join  two  sticks  in  such 
a  way  that  they  would  be  as  strong  as  a  single  stick.  The 
timbering  is  not  the  only  objectionable  feature  to  square 
shapes;  in  fact,  the  greatest  objection  lies  in  the  width  of 
the  excavation,  it  being  a  well-established  fact  that  the 
smaller  a  rock  excavation  is  made,  the  less  danger  there  is 
of  its  collapsing  and  the  least  trouble  there  is  in  securing 
it.  The  square  and  the  rectangular  parallelograms  are  not 
the  theoretically  correct  forms  for  resisting  pressure,  nor 
will  these  forms  answer  for  masonry  where  considerable  side 
pressure  is  anticipated. 

2.  Circular  Shafts.— In  Great  Britain  and  on  the  Con- 
tinent, where  openings  are  of  a  permanent  character,  masonry    | 

is  used  for  shaft  lining;  for 
this    reason    round,   elliptic 
and  polygonal  cross-sectional 
areas  are  adopted.    With  the 
round  and  polygonal  forms, 
there  is  considerable  space  in 
the    shafts    that    cannot  be 
utilized  to  advantage,  except, 
perhaps,  for  ventilation  pur- 
poses.    Fig.  3    shows  two 
cages  a  in  a  circular  shaft, 
and   the   spaces    d    at   the 
sides,    only    one    of    which, 
however,    is    made    use  of 
In  the   elliptic   or   the   nearly 
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for  pump  column   pipes  c. 
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itic  forms,  not  so  much  space  is  lost  as  in  the  round  or 
agonal  fonns, 

Cotntiitrttiient  Shafts, — At  ore  mines  having  a 
11  output,  compartment  shafts  are  not  adopted  because 
he  additional  expense  necessary  for  timbering.  Wliile 
licy  may  be  advisable  during  prospecting  operations, 
mines  should  he  worked  without  compartments^  as 
assist  Uae  %*entiLition.  These  remarks  apply,  even 
ugh  only  one  hoistings  cagfe  is  used.  The  advantag-es  to 
ilcrived  from  better  ventilation,  and  from  having  the 
Up  pipes,  air  pipes,  steam  pipes,  or  electric  wires  sepa- 
cdfrom  the  hoisting,  far  outweigh  the  additional  cost  of 
itjcring.  Should  anything:  go  wrong  with  the  pipes,  or 
>ttld  it  become  necessary  to  examine  and  repair  them, 
isttng  must  cease  during  this  rime  if  there  is  but  one  com- 
rtnacDi,  and  this  may  cause  a  shut-dow^n  at  an  inopportune 
he.  An  extra  exit  from  the  mine  is  provided  by  two  com- 
rttncnts,  and  should  a  rope  break  or  some  other  accident 
;tir,  the  men  may  go  into  or  leave  the  mine  through  the 
Jood  compartment, 

!•  Xiiitilier  of  Hliaft  Compartments,— The  number 
cotupariments  in  shafts  depends  on  the  size  and  the  depUi 
ihcininc»  and  whether  the  intention  is  to  hoist  in  balance, 
'  &Utcd,  two  compartments  are  advisable  at  any  mine  — 
c  fcr  hoisting  and  the  other  for  a  man  way,  a  pump  way. 
ftu  npcast  airway.  Where  hoisting  is  done  in  balance, 
■urtments  are  better  than  two,  the  third*beingused 
...■i.;vay,  a  man  way,  or  an  upcast  airway.  Three-corn- 
ea t  xha/ts  are  almost  a  necessity  in  deep  mines  or  in 
s  where  regular  sinking  and  mining  operations 

> ^^.  on  together,  and  w^here  men  and  supplies  must 

tekco  op  and  down  during  working  hours.  In  very  deep 
es,  where  hoisting  is  done  from  different  levels,  five 
pnrtmcnts  are  sometimes  used,  as  at  the  Tamarack  mine, 
igan.  and  in  some  extreme  cases  six-compartment  shafts 
used.  Usually  two  hoisting  engines  are  worked  at  such 
and  the  output  is  qtiite  large. 
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5.  Shaft  Timbers. — The  principal  timbers  placed  along 
the  sides  of  shafts  arc  termed  plates;  those  on  the  longest 
sides  of  the  rectangle,  -wall  plates;  and  those  at  the  ends 
of  the  rectangle,  end  plates.     In  order  to  divide  shafts 
into  two  or  more  compartments,  timbers  known  as  buntons 
are  placed  horizontally  across  the  shafts.     Partition  planks 
and  cage  guides  are  fastened  to  these  timbers,  the  former 
usually  by  means  of  spikes  and  the  latter  by  bolts  whose 
heads  are  countersunk  in  the  guides.     Ladderways  are  not 
used  in  deep  shafts,  the  men  being  lowered  and  raised  i^ 
cages,  or,  in  some  cases,  by  special  man  engines.     The  latt^^ 
are  not  often  found  in  the  United  States,  and  at  preseo 
probably  there  is  but  one,  and  that  is  at  the  Calumet  a^^ 
Hecla  copper  mine.     In  some  states,  the  law  requires  tl3* 
men  shall  be  hoisted  from  the  mines  as  well  as  lowered  id.' 
them,  and  that  supplies  or  tools  shall  not  be  lowered  ir3. 
the  mines  on  cages  with  the  men.     The  number  of  men  tl^ 
may  ride  on  a  cage  at  one  time  is  also  stated. 

6.  Size  of  Shafts. — A  small  mine  will  not  need  a  lar  i 
shaft,  still  a  shaft  having  an  area  of  4  ft.  X  6  ft.  will  cost 
much  to  sink  as  one  5  ft.  X  6  ft.  in  area.     A  shaft  less  th 

6  ft.  X  8  ft.  over  all  is  too  small  for  rapid  sinking,  and  shoi^ 
it  become  necessary  to  increase  the  size  at  some  future  tin^ 
the  expense  will  be  almost  as  great  as  sinking  a  new  sha^ 
There  should  be  a  space  of  at  least  6  inches  between  tt 
cage  and  the  shaft  lining,  to  permit  the  air  to  rush  past  S 
the  cage  moves,  otherwise  the  strains  on  the  working  part 
will  be  increased  when  hoisting.  Shafts  vary  in  size  froi 
4  ft.  X  6  ft.  to  15  ft.  X  25  ft.,  the  latter  being  exceptionall 
large.  Table  I  gives  the  sizes  of  shafts  at  some  wel 
known  mines. 

7.  Shaft  Allowances. — When  a  shaft  is  to  be  sun 
allowances  must  be  made  for  the  shaft  lining  or  whate\ 
timbering  will  be  needed.  In  addition  to  the  lining,  bi 
tons,  partitions,  and  cage  guides  should  be  considered  in  t 
calculations.  Nearly  all  wall  plates  are  made  of  10"  X  1 
timbers,  while  most  buntons  consist  of  KK'  X  6"   timbe 
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unless  the  width  of  the  shaft  is  more  than  6  feet,  when  they 
should  be  as  large  in  cross-section  as  the  wall  plates.  The 
partitions  are  generally  made  of  2-inch  planks,  and  the  cage 
guides  of  4"  X  4"  sticks,  although  4"  X  6"  sticks  are  found 
in  some  shafts. 

8.  The  size  of  a  compartment  should  be  calculated  wiih 
regard  to  the  factors  named,  and  allowances  should  be  made 
for  spaces  between  the  sides  of  the  shaft  and  the  cage.  The 
size  of  the  cage  must  conform  to  the  size  of  the  mine  car 
and  the  number  of  cars  the  cage  is  to  carry.  The  cage 
usually  consists  of  one  deck  constructed  for  one  car,  bntal 
some  mines,  in  order  to  increase  the  output,  it  may  be  neces- 
sary to  carry  two  cars  side  by  side  or  end  t6  end  on  a  cage 
deck.  This  method  is  better  than  using  double-decked  cages 
because  of  tlie  expensive  landings  required  for  the  latter 
system,  although  in  the  main  they  are  preferable  to  wide 
cages  on  account  of  the  resistance  of  the  air  caused  by 
wide  cages  moving  in  the  shaft. 

9.  Locating  the  Shaft. — The  mining  engineer  should 
locate  the  shatt  in  a  position  where  it  will  reach  the  greatest 
area  of  the  deposit.     In  some  cases,  the  shaft  can  be  exca- 
vated in  the  deposit;  in  other  cases,  it  must  be  sunk  in  country 
rock  and  cross- levels  driven  from  the  shaft  to  the  deposit- 
The  <  )ld  Abe  shaft  at  White  Oaks,  New  Mexico,  is  1,375  fe^t 
perpendicular,  and  at  no  time  is  it  more  than  30  feet  awa5 
from   the   vein,   which   is   almost  perpendicular,   sometim^^ 
lean  in  ji  toward  and  sometimes  away  from  the  shaft. 

In  V\'^.  4,  which  is  a  longitudinal  elevation  of  a  mine,  tl^^ 
shaft  i>  ::iclined  at  about  -SO"  from  the  horizontal  in  order  to 
follow  :hc  ore,  and  while  the  pitch  is  not  absolutely  regular- 
it  i»<  nearly  so.  The  f(»ot-wall  is  the  better  side  for  sinking 
when  ib.o  ve:!i  i^  inclined,  as  in  this  position  the  inclination 
may  be  ir.a.lc  r.:;i:\.rm  and  the  shaft  can  ordinarily  be  belter 
suj-Jiu'ricti  ihMi  \\hc:\  in  the  deposit.  The  foot- wall  offer? 
anoiiiev  ;ulva:r..i^e:  rfr  instav.ce,  if  the  ore  pinches  out,  sink- 
ing can  bi-  vli-c- '::::r.ue^:  before  vast  sums  of  money  are 
expended  lor  work  thai   will  never  bring  returns. 
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the  ore  has  been  followed  down  by  a  previous  shaft.  Quite 
a  number  of  deep  shafts  have  been  sunk  to  meet  veins  at  a 
certain  depth,  but  were  not  successful,  as  the  deposit  did 
not  extend  to  that  depth.  The  Geyser  shaft  near  Rosita, 
Colorado,  is  probably  the  deepest  exploration  shaft  in  that 
state.  It  was  sunk  with  the  idea  of  tapping  a  vein  known 
to  exist  on  another  property.  The  shaft  reached  ore,  but 
not  such  as  would  pay  to  mine — at  least  mining  is  not 
being  carried  on. 

If  it  is  desired  to  remove  the  deposit  quickly,  two  shafts 
are   better   than  one,    for   the    reasons   that  ventilation   is 
improved   and   the   miners   and   laborers  can  work  faster, 
underground  tramming  can  be  accelerated,  and  supplies  can 
be  lowered  to  the  mine  workings  without  completely  stopping 
hoisting  operations.     Such  shafts  should  be  placed  at  least 
300  feet  apart;  but  only  after  it  has  been  proved  that  tb^ 
ore  extends  that  distance.     Since  a  vein  is  likely  to  chang"^ 
in  its  dip  or  be  faulted  or  peter  out,  the  location  of  a  vertic^^ 
shaft  should  not  be  decided  on  until  the  deposit  has  ^^^^^ 
explored  to  an  extent  that  will  warrant  the  expense  involv^^ 
in  sinking. 

In  order  to  obtain  a  uniform  grade  and  at  the  same  tin* 
explore  the  deposit,  shaft  a,  Fig.  5,  was  sunk  until  it  reache^ 
a  vertical  depth  of  2,120  feet,  at  which  point  it  encountereC^ 
a  disturbed  area.     The  shaft  b  was  next  sunk  vertically  to  ^ 
depth  of  l,o()()  feet,  where,  on  account  of  a  fault  and  a  change 
of  dip  in  the  deposit,  it  was  sunk  on  an  incline  to  a  depth  ot 
3,120  feet  from  the  surface.     It  was  presumed  that  shaft  f 
could  be  sunk  vertically;    however,  at  740  feet  in  depth  a 
throw  was  met  that  necessitated  an  inclination,  and  again  at 
1,160  feet  another  throw,  which  required  another  change  of 
inclination.     This  mine  is  in  the  Mysore  gold  fields,  India, 
and  is  particularly  notable  owing  to  the  fact  that  it  is  a  deep 
mine — now    '>,0()0    feet  -  that    has    never    contained    water. 
Sinkin^^  to  the  4, 000-foot  level  is  in  progress. 

Work  of  exploration  can  be  carried  on  in  the  deposit  and 
probably  pay  its  way;  shaft  sinking  and  cross-cutting,  how- 
ever, must  usually  be  done  in  barren  rock,  which  yields  nc 
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returns.  Mining  operations  should  never  be  conducted  in  z 
haphazard  way,  but  so  that  every  dollar  expended  will  n^t 
a  return. 

10.     Commenceinent  of  Work. — The  location  of  a  sha.  ii 
having  been  decided  on,  the  ground  should  be  graded  byciza.t- 
ting  away  all  inequalities  on  the  surface;  after  this,  the  insi^3e 
lines  and  measurements  are  to  be  taken  by  the  aid  of  a  transit 
and  a  tape  measure.     Next,  twelve  stakes  are  driven  as  shoiwra 
in  Fig.  6.     The  surveying  instrument  is  set  up  at  i,  a.Tid 
stakes  i,  2,  5,  and  4  are  driven  in  line,  stakes  3  and  4  being:, 
placed  at  a  convenient  distance  back  from  stakes  2  and  I,    so 
that  they  will  not  be  injured  during  the  operation  of  sinkii^^* 
The  distance  between  stakes  1  and  2  should  be  accurately 
determined,  since  they  represent  the  inside  measurements  oi 

9IO  mf 


Fig.  G 

one  of  the  shaft  sides.     The  transit  is  now  turned  90*^  hot^ 
zontally,  and  stakes  0,  6,  and  7  are  lined  up  and  driven.    Tb^ 
distance  between  1  and  5  should  be  carefully  measured,  as  i^ 
is  the  length  of  one  of  the  shaft  ends.     The  instrument  is 
now  moved  to  one  of  the  other  corner  stakes,  as  2,  and  set 
up.     A  backsight  is  taken  so  as  to  bring  1  and  4  in  the  same 
line,  after  which  the  instrument  is  turned  90°  horizontally 
and  stakes  <^,  9,  and  W  are  driven,  the  distance  of  the  end  2-8 
being  carefully  measured  off  equal  to  1-5.     The  transit  is 
now  placed  at  stake  8,  where  a  backsight  is  taken  to  stakes  10 
and  2  and  a  foresight  to  stake  9,  to  bring  them  in  the  same 
straight  line.      This  being  done,  the  instrument  is  tamed 
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00°  and  siglited  to  stake  ^,  and  stakes  It  and  12 
The  distance  between  5  and  8  should  agree  with 
Ifstance  between  1  and  2\  if  it  does  not,  there  has  been 

ike  made*  The  tie-stakes  i,  7,  10,  3,  12,  !/,  0,  and  It 
mvLud  very  convenient  for  reference  marks  as  sinking 
Res,  Strings  are  now  stretched  between  the  outside 
takes,  so  as  to  bisect  the  center  of  the  corner  stakes,  and 
^g  is  commenced.    Trenches  a^  i,  c,  and  d  are  excavated » 

Rem  is  placed  the  templet  to  line  vvilh  the  stakes, 
-*!iart    Templets* •—Shaft    templets    are    carefully 
,  timbers  so  placed  In  trenches  that  they  will  line  up 
!  cords  stretched  between  the  posts,  as,  for  instance, 
U  and  12,  //  and  10,  and  6  and  7,  Fig.  7.     These 

10 


ito- 


-^11 


*ff 


F*a.  7 


■come  in  contact  with  the  soil  and  will  eventnally 

nevertheless,  the  end   sills  should  be  dapped   with 

are  for  1  or  2  incheSt  in  order  to  receive  the  side  sills 

Id  them  exactly  true.  When  these  timbers  are  in  line 
I  strings,  as  shown,  the  inside  measurement  is  the 
Of  the  shaft.  The  timbers  must  now  be  pinned 
{nnd  tamped  about  with  clay  to  hold  theru  stationary, 
j  tamping  acts  as  a  roof,  and  causes  surface  water  to 
from  the  shaft  opening.  Care  should  be  taken  to 
111  surface  water  from  running  into  the  excavation, 
teveut  ail  water  hoisted  from  the  shaft  from  seeping 
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12.  Sinking  to  Bed  Rock. — The  top  soil  inside  of  the 
templet  is  worked  out  with  pick  and  shovel  to  a  depth  of 
6  or  8  feet,  which  is  as  high  as  men  can  throw  dirt  readily. 
If  the  dirt  is  likely  to  cave,  timbers  are  driven  in  position 
back   of   the    templet,   or   are  braced  to  keep  it  in  place. 
A  temporary  head-frame  is  next  erected,  and  a  bucket,  rope, 
and  horse  whim  are  installed.     In  large  shafts,  a  boom  and 
small  steam  hoister   are   preferable,   since  work  will  then 
progress  much  faster  and  the  buckets  can    be  swung  and 
dumped  on  cars  to  carry  the  dirt  out  of  the  way.    This  work 
is  continued  until  solid  rock  is  reached,  the  timbering  being 
carried  down  as  the  excavation  proceeds.     The  excavation 
must  be  of  sufficient  size  to  receive  the  shaft  timbers  and  to 
permit  them  to  be  lined  with  the  templet.     If  the  first  tim- 
bers are  simply  temporary,  allowance  should  be  made  in  the 
size  of  the  excavation  for  the  permanent  timbers  that  are  to 
follow,   which    are   placed  inside  of  the    temporary  lining- 
For  the  purpose  of  making  the  shaft  vertical,  plumb-bobs 
are  suspended  from  each  corner  of  the  shaft,  as  shown  at  tf» 
Fig.  7.     The  plumb-line  b  is  carried  over  a  piece  of  i-ioch 
flat  iron  r,  in  which  there  is  a  nicely  rounded  notch  to  pr^' 
vent  the  line  from  moving  sidewise  or  from  being  cut  by  the 
iron.     The  flat  piece  of  iron  is  securely  bolted  or  spiked  to 
the  templet,  while  the  plumb-bob  line  is  fastened  to  a  spi^^ 
in  the  templet.     Before  the  flat  piece  of  iron  is  fastened  to 
the  templet  timbers,  however,  measurements  are  made  ^^ 
that  the  line  b  will  hang  about  4  inches  from  the  shaft  plat^^ 
d  and  c,  and  all  timber-lining  measurements  are  made  fro^ 
this  line. 

13.  Sinking  to  Bed  Rock  In  Wet  Ground.— Sinking 

a  shaft  in  a  swamp  or  in  the  bed  of  an  ancient  river  is  ^ 
much  more  difficult  undertaking  than  sinking  in  compart" 
tively  dry  soil.  Fig.  S  shows  the  elevation  of  the  outer,  of 
temporary,  timbering  for  a  shaft  sunk  in  an  ancient  rivef 
bed.  The  sinking  required  heavy  yellow-pine  sticks  20  feet 
long  for  the  end  sills  and  two  20-foot  sticks,  spliced,  for 
the  side  sills.     The  timber  sets  were  suspended  fro* 
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ses  a  that  rested  on  concrete  piers  b.  The  bottom 
Itk  c  of  the  trusses  supported  cross-pieces  d,  from  which 
«  suspended  by  if  on  rods  /,  the  end  plates  i\  while  the 
\  plates  M  were  siisp ended  from  the  chords  c  direct. 
It  keeping  the  clay  back  near  the  surface  by  means  of 
ch  planks,  the  shaft  sets  were  put  in  place  and  separated 
posts  k  2  feet  long  placed  at  the  corners  and  near  the 
's..  The  latter  were  made  o(  }-inch  round  iron,  and  were 
irn  op  light  so  as  to  form  a  ri^id  structure, 
i  system  of  forepoUng  was  used  for  lagging,  the  fore- 
H  i  being  made  of  3"  X  8"  oak,  8  feet  long,  and  pointed 
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ti«  end*     Wherever  necessary,  hay  was  driven  with  the 
fbgf,   and  in  this  manner  a   comparatively  water-tight 
was  obtained.     The  contrivance  for  driving  these 
ks  was  practically  a  slanting  pile  driver*     It  con- 
icti  uf  a  channel  trough  greased  on  tlie  inside,  in  which  a 
heavy  log  was  hoisted  by  means  of  a  rope  and  winch 
^©d  at  the  surface.     When  the  log  reached  the  desired 
in  the  troughs  it  was  tripped,  thus  permitting  it  to 
end  by  gravity  and  drive  the  lagging  down.     With  this 
,  it  was  possible  to  drive  a  ring  uf  lugging  in  a  day* 
pressure  on  tlie  sides  of  the  excavation  was  sometimes 
Otis,  and  before  reaching  bed  rock  the  cribbing  was 
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f.nei  ir.  12  i-.jr.rs   yir:  ::  the  12"  X  12"  side  pieces  were 
cri.Vrl    :i'.i  s:r::e   ::  :-e  r:>:s  were  driven  into  these  side 


:r.e  rmeriil  from  the  shaft  was  accom- 
:  J.  Z-:  ::r.  cerrick,  iron  buckets,  a  steam 
:e.  A:  :be  surface,  the  buckets  were  dis- 
j.-.rs  j.r.i  r.A-y.ed  by  mules  to  the  dump 
r'.ete*.:.  :he  shaft  had  three  compartments 
!J  f:.  :?z  h:.:st:n2  and  one  12  ft.  X  12  ft. 
:  is  lir.e  J  with  concrete  3  feet  thick,  as 
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tic' 
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>■;:.■.'.:.  ;:.  i;!:!:.,   ri^;.  H.  in  which  the  letters  have  the  sam^ 

s:i:::i:lca:i:?j  as  th-^^e  in   Fiir.  S. 

1  4.  Kxcn  Villi  ntr  iiot-k. — The  preliminary  arrangement 
ti  s  !:'^.  :■  ■:  l.ivi::;^'  '^-e:!  tk- scribed,  the  next  operation^ 
f.r'li-r  i-^  th  .t  -  :'  '.Tvnkir.q:  the  rock  and  removing  it  fr^ 
The  :>:::i:i. 

WiurL'Vt::-  f'.M-i  and  w:acr  can  be  readily  obtained,  it 
cu<i"nMry  Tm  >:nk  in  r«)ck  with  air  drills,  although  in  ra 
cast'M  l'.lxi::!.-:'  -\vcr  driris  h;ive  been  used.  Hard,  compJ 
rock.  <r.oli  \i<  L::-a'.::e,  {:noiss.  sandstone,  limestone,  and  soi 
of  ibo  tt;ip  r''-.:s.  is  i- isier  to  break  than  shales,  slat 
and  se.in-:y  :  -n..:  :«•!>.  Tlic  -reatest  expense  attached 
breaking"  i^rounrl  i:.  ti^.c  co>t  of  drilling,  for  which  reason 
sinkers  niii^t  exi'crin-.cnt  to  tind  the  best  positions  to  pi 
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htit  shots.  The  cost  of  powder  is  also  an  important  item, 
M  its  strength  should  be  varied  to  suit  the  position  of  the 
dt%  and  the  rock  to  be  broken,  A  seamy  rock  will  not 
nd  quick  explosives,  while  a  compact  rock  will;  conse- 
nentlyi  black  powder  will  break  more  of  the  former  rock 
^m  dynamite;  and,  on  the  other  hand,  dynamite  will  break 
ore  compact  rock  than  black  powder* 

Holes   fired   in   rock   having   but   one    free   face  require 
onger  explosives  than  those  fired  in  rock  having  two  free 
es,  and  in  shaft  sinkings  where  air  drills  are  used  and 
o!e«  are  fired  in  rounds^  this  fact  should  be  taken  into  con- 
deration.     Much  will  depend  on  the  dip  of  the  rocks  in 
bich  the  excavation  is  to  be  made,  so  that  only  a  general 
Wc  can  be  given   for  placing  the  holes,  and   no   definite 
length  of  powder  can  be  suggested,  more  than   to  state 
*t  in  homogeneous  rocks  with  one  free  face  where  an 
cut    is    being    made,    60-per-cent*    nitroglycerine 
is  preferable,  while  for  subsequent  holes  40*per-cent. 
Qtmite  seems  to  produce  the  most  economical  results.     In 
Wiling,  the  holes  should  not  be  placed  so  far  apart  as  to 
prow  out  rocks  that  must  afterwards  be  sledged  or  blasted 
order  to  load   them   into  the  buckets;    for  there  is  no 
Qomy  in  such  work,  in  fact,  it  is  more  expensive. 

15,    Drflltnif  by  Hantl. — When  using  hand  drills  for 

rock,  the  work  cannot  be  carried  on  so  rapidly  nor 

liiicany  as  it  can  with  power  drills;  the  principle 

olved  in  placing  the  holes,  however,  is  the  same.     It  is 

\  first,  to  make  a  cut  in  some  portion  of  the  floor, 

,  es  th^  purpose  of  a  sump  and  from  which  the  water 

|t  accumuliites  is  removed  while  the  work  of  drilling,  etc. 

ling.     This  cut  may  be  in  the  center  line  of  the 

k  one  side,  depending  on  the  condition  of  the  rock; 

if  there  are  no  natural  joints  in  the  rock  to  favor  side 

f  ing  cut  is  best  mnde  in  the  center  or  a  little  to 

[hen  the  blast  cah  have  the  freest  play.     Men 

gresUly  hami>ered  in  shaft  drilling  by  water,  the  use  of 

I,  and  cramped  room;  and  these  features  in  connection 
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with  hand  drilling:  make  shaft  sinking  slow  work,  particularly 
if  the  shaft  must  l^e  timbered  and  the  men  are  cramped 
for  room. 

16.     I'sc  of  Air  Drills. — The  advantages  derived  from 

the  use  of  air  drills  in  shaft  sinking  are:  speed  in  putting  in 
holes;    quickness  with  which  the  material  may  be  reached 
after  blasting,  due  to  the  use  of  compressed  air  in  dissipating 
the  powder  smoke;  the  large  quantity  of  material  broken  at 
one  time  and  the  consequent  increase  in  advance  overhand 
drills;   and,  finally,  systematizing  the  sinking  operations  in 
such  a  way  that  the  work  moves  smoothly.     Quarry  bars  and    ] 
tripods  are  j^enerally  used  for  the  drills  in  wide  shafts;  bat 
in  narrower  excavations,  shaft  bars  up  to  10  feet  in  lengthar« 
employer..     Steam  power  is  not  suitable  for  shaft  sinking, 
and  up  to  the  present  writing  a  first-class  electric  drill  l^* 
not  been  devised.     Much  is  said  in  favor  of  the  exhaust  frota 
air  drills  as  a  means  of  ventilation;  to  some  extent  this  '** 
true,  but.  in  shafts,  the  exhaust  from  the  drills  is  charg^^ 
with  grease,  and.  being  cool,  remains  at  the  bottom  of  ^^ 
shaft  aiui  tends  to  keep  the  air  impure.     The  exhalatio^^ 
fi\»:n  the  men,  and  the  carbon  dioxide  from  lamps  and  p^- 

sibly  rocks  are  thus  p^^ 


N 


K 


vented  from  rising  to  ^^ 
surface  readily.  The  b^' 
ventilating  apparatus  *' 
shafts  is  a  blower. 

17.     Arrau^enient    ^ 
Drill  Holes.— The  po- 

•;     tions   of    the    drill   ho'*^ 
.   -.    ;    should  be  such  that  a  mi J^ 

' " '  mum  number  of  holes  w* 

hrd'r^  .iV.  :':.L'  i^r-'V/u:  iccessriry.  It  is  customary  to  arrang'* 
these  h-  !l  -  -  :.-:»:  -cnk  .i  center  cut  or  side  cut.  and  in  we 
shii:!"^  t:.-.  .  :*  '::  ..  -  ii:  o  :v....J!u  iiccper  and  are  charged  heavie* 
thaTi  :::  .^*  :  v  <':..:<.  >  •  .l«-  :  ■  ':c:ive  a  depression  where  waiet 
ir.ay  /:.\  ;'.:'•:"  .:■.•  :  •  'r.j  :  ::::.;i  >uciion  pipe.  Fig.  10  >how: 
the  ccT.tc:-^'.::  I:/.-,  s   ;  :  -  :  e  :::ade  longer  than  the  other  bole 
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irhich  will  not  break  as  deep  when  fired  and  thus 
ian pillar  cavity  e  for  a  sump.     By  makinif  one  set 
llesi  c6  on  ekher  side  of  the  shaft  long:er  than  the 
and  pointing  them  to  a  wedge,  ihey  will  produce  a 
£gBd  firslt  that  will  answer  as  a  sump. 


Tiie  Parker  Shaft- — The  arrangement  of  the  drill 
al  the  Parker  zinc-mine  shaft,  Franklin  Furnacei  New 
f,  is  shown  in  Figs*  11  and  12.     The  shaft  was  20  ft. 

ft.  outside,  16  ft.  X  7  fL  inside  the  timbers.  The 
g  was  done  by  four  3-inch  air  drills  placed  on  two 
bars,  shomm  by  the  letters  c  and  il.  From  the  first  set 
e  center-cut  holes  a,  six  in  number,  on  each  side,  were 
1  at  an  angle  that  would  furnish  a  depth  of  6  feet  per* 
mlar  from  the  center  line  of  the  shaft.  The  drills  were 
ct  at  an  angle  to  put  down  the  five  holes  d  on  each 
f  the  shaft»  after  which  the  shaft  bar  was  changed  from 
>nr  to  position  d,  and  the  holes  t  and  /drilled*  Con- 
ble  time  is  consumed  in  selling  up  tripods  or  shaft 
hm,  this  system  saved  that  time  and  pennitted  each 
^kut  dow^n  ten  holes.  'After  the  drillini^  was  com- 
\n\l  the  sinking  tools,  including  the  pumps,  were 
^d  and  the  center-cut  holes  a  loaded  and  fired*  If, 
the  broken  rock  was  removed,  it  was  found  that  the 
did  not  break  to  the  bottom  of  the  holes,  what  was 

them  were  charged  and  fired  to  break  the  remaining 
in  order  to  give  the  6rst  round  of  side  holes  an  oppor- 

to  break, 
same  cases,  it  may  be  necessary  to  blast  the  snrop  or 

cot  before  the  side  holes  are  drilled.  Such  cases  are 
tinaie,  since  the  machines,  tools,  and  pumps  must  be 
d,  and  then,  after  the  blast,  lowered  again  in  order  to 
c  drillingp  This  may  sometimes  he  prevented  by 
iig  the  water  in  the  shaft  above  the  drillers,  in  which 
y^hc  holes  may  be  put  in  before  any  blasting  is  done. 
^Be.<i  6  and  e  were  blo^vn  out  with  compressed  air  so 
SEo\'^  water  and  small  pieces  of  rock,  after  which  the 
charged  and  fired,  being  followed  immediately 
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:.j  the  ro-es  t.  Afi^r  the  "ar&kffr  rrck  arain  the  pr^ 
'/i.-:r  -jr^s  rtrrovec.  ibc  side  bojss  y-wers  cLeaned  oaCT 
a;r.  '.hirgec.  anc  tree.  In  &  imrttl  ii  woald  not  be  i:3 
^,iry  to  re:r-OTe  the  broken  rock  before  irue  following  J 
v/er-i  firec:  rrjt.  in  sinking,  lie  blu;^  ane  all  made  agT 
gravitation,  and  the  weig:hi  of  ibe  rrcs-kez  rock  on  the  €. 
ro'.k  opposes  the  action  of  the  explosive-  At  the  begin* 
C  foot  cuts  were  made,  bnt  these  were  tscreased  to  11  • 
'  iit-i  by  i^lacinj;  the  holes  as  shown  in  Fig.  12.     It  was  fo 
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/  y%ahOft  of  6ft  Cut 
Fit;.  11 

ii.Mti  I.  •  ih.ti  iiM  lilts  ilooper  than  8  feet  an  extra  ro^ 
I,. .It  .  .  im  .i.lr  !hc  ilccp  ivnior-cut  holes  b  was  advisable. 

Ill      M\Mi«'iiiiitlr  Shaft  Sinking:. — While  six  sucqei 

,  III.,  k^iili  hi'lis  pliK'cil  as  slunvn  in  Fig.  12  broke  rock 
ilipih  i.i  Jiti  Wv\  in  ilu'  rarkor  shaft,  Franklin  Fumac 
v\iiuM  li.i\i-  lu'cn  nu>rc  systematic  to  have  drilled  al 
Ituli...  .iitil  ilu'ii  loadoii  and  fired  them  before  any  roci 
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20.     Channeliuff  Cuts   In  Rock. — In  some  instances 
it   has    been  found   that  if   a  few  large   holes   are  drilled 
2  inches  apart  in  a  straijjht  line  and  in  the  center  of  a  cut 
having  one  free  face,  and  the  partitions  between  them  are 
broken  down  by  a   suitable  tool,  considerable  economy  is 
effected,  both  in  the  cost  of  drilling  and  in  the  quantity  of 
powder  reciuired.     Fig.  13  shows  the  system  used  in  Switzer- 
land, which  is  said  to  have 
reduced  the  cost  of  sinkia£[ 
about  $2.30  per  foot.  The 
holes  a  are  first  made  and 
then  cut  to  form  a  groove; 
then  the  center  holes* arc 
drilled,  and  afterwards  th^ 
holes  c  and  d.    When  hole^ 
b  are  fired,  a  space  reprc 
sented  by  the  inside  dotted 
line  is  broken.    The  holes 
c  are  then  loaded  and  fired 
so  as  to  break  out  that  por- 
tion represented  by  the 
other  dotted  line;  the  holes 
d  are  fired  last  and  give 
^'^<-  ^^  approximately  the  desired 

area  of  the  shaft.  With  a  modern  rock  channeler  constructed 
to  make  a  horizontal  cut,  it  seems  possible  that  this  central 
groove  could  often  be  made  without  any  more  trouble  than 
drilling  the  holes,  but  would  depend,  however,  on  the  char- 
acter ot  the  rock. 


21.  Spju-iiif?  Slinft  Timbers. — Fig.  14  shows  in  eleva- 
tion the  timberinj^  of  a  rectangular  shaft  having  three  com- 
partments. Throujxh  the  surface  ground  and  down  to  solid 
rock  the  excavatit)n  is  made  larger  than  the  area  of  the 
shaft  in  the  rock,  in  onler  that  it  may  be  made  water-tight 
and  cai.)able  ot  sustaining:  the  pressure  from  the  wet  ground. 
The  timber  sets  for  the  soft  j^round  are  first  put  in  and  sepa- 
rated by  short  posts,  termed  punch  blocks^  after  which  they  arc 
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the  necessity  of  having  buntons  and  stalls  for  carrying  water 
pipes,  steam  pipes,  air  pipes,  etc.,  none  would  be  used.  Id 
some  cases,  the  timbering  is  reduced  to  stulls  resting  ia 
hitches  cut  in  solid  rock,  being  placed  in  horizonul  and 
vertical  rows  4  feet  apart,  similar  to  the  buntons  shown  in  the 
illustration.  Not  much  is  saved  by  the  latter  method,  as 
will  be  ascertained  when  the  time  and  the  expense  of  cutting 
hitches  and  lining  timbers  are  compared  with  the  cost  of 
timber  sets  in  place. 

22.  Lodi^iueuts  ill  Shafts. — In  cases  where  water- 
bearing rock  a  is  encountered,  it  will  be  necessary  to  pni 
in  a  dam  k\  Fig.  1-1,  of  timber,  and  then  fill  the  hole /back 
of  the  timbers  with  well-rammed  concrete.  If  the  pressure 
is  great,  or  the  quantity  of  water  is  large,  the  dam  is  m^^' 
water-tight,  and  a  reservoir  is  constructed  back  of  itio"^ 


Fi(..  If) 


water-bearinc:  mck.  A  pump  station  is  made  either  be 
or  above  this  reservoir,  and  the  water  is  pumped  to 
surface.     Alter    the    water-bearing  strata  has   been  paf 
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through,  the  timbers  are  spaced  about  4  feet  apart  to  the 
bottom  of  the  sjiaft,  provided  of  course  no  further  bad  rock 
is  encountered. 

23t    Crlbbliiie,— Shafts  are  sometimes  lined  with  tim- 
bers laid  one   above    the    other   so  that  they  will    form  a 
^'njcture   termed  a  crib*     The   cribbing   can   be  made  of 
vmd  or  squared  slicks  arranged  as  shown  in  Fig,  1-3,  being 
otched  at  the  ends  so  that  they  cannot  be  pushed  in  by  end 
r  side  pressure.     When  logs  are  used,  the  spaces  between 
em  will  be  so  small  that  little  backing  h  needed  to  prevent 
or  small  pieces  of  rock  from  working  out  and  falling 
wn  the  shaft;  when,  however*  squared  sticks  are  eraployed^ 
6  spaces  between  them  will  be  larger,  and  broken  stone  or 
^^Sginz  must  be  used  as  backing  if  the  rock  is  loose  or  has 
^  tendency  to  crumble.     The  lower  timber  a,  which  sustains 
[^^^    cribbing,    rests   at   both    ends   on    rock,  and   must  be 
^^^feoroughly  blocked,  as  shown  by  the  wedges  ^,  to  prevent  it 
Pibm    sagging.     The  cribbing  sticks  c  should  be  placed  as 
close    to   the   side 
**alls    as  possiblet 
^^^     tamped    with 
''^oken  stone  d^  or* 
^itcr,  concrete- 

2  t.  LliBflitCrib- 
^•liiR-  — In  localities 
i^btsre  timber  of  a 
l^ilable  size  is 
*^^ce,  the  cribbiog 
sometimes  built 
cheaper  by  using 
s^wetl  lurnber   1  in, 

^  W  in..  2  in.  X  6  in*,  3  in.  X  6  in.,  or  some  other  size, 
Ftftmittg  is  not  necessary  for  sticks  up  to  4  in,  X  6  in,,  since 
the  enils  can  be  spiked  as  the  sticks  are  laid  in  position. 
Cribbing  of  this  description  should  have  a  plank  .4  spiked 
[§i  etch  corner,  as  shown  in  Fig»  16,  to  prevent  any  inward 
gsovement  of  the  sticks.     Another  plan  is  to  spike  these 


c 


Pifl.  m 


24 


PRELIMINARY  OPERATIONS 


Fig.  17 


timbers  at  the  ends,  and  then  nail  a  board  close  against 
them.  In  some  cases  close  cribbing  is  followed  by  1"  X  10" 
or  1"  X  12"  boards  nailed  together,  particularly  where  there 
is  water-bearing  sand  or  gravel.  The  boards  abut  against 
one  another  alternately  at  the  ends,  as  in  Fig.  17,  and  being 

held  together  by  spikes, 
make  a  strong  shaft  lining. 
This  system  is  practiced  to 
a  considerable  extent  in 
Illinois — where  there  is  wet 
sand  that  is  almost  equal  to 
quicksand  in  its  movements 
— with  the  exception  that 
every  other  board  is  an  inch 
or  two  wider  than  those 
between  which  it  is  placed. 
This  arrangement  furnishes 
an  opportunity  for  the  loose 
ground  to  rest  on  the  wide 
board,  as  on  a  shelf,  and  thus  gives  a  downward  as  well  as 
an  inward  pressure.  Inside  the  shaft,  the  boards  are  all 
lined  up  flush;  but  outside,  where  exposed  to  the  ground, 
every  other  one  is  irregular. 

25.     StuUs  and  Crlbbliiji:. — When  the  sides  of  a  shaft 
need  cribbing,  the  excavation  is  carried  downwards  as  far  as 
the  miner  thinks  it  is  safe  to  go;  then,  as  in  Fig.  15,  hitches 
arc  cut  in  the  walls  and  the  stulls  a  are  put  in  position  across 
the  shaft.     The  number  of  these  stulls  depends  on  the  number 
of  compartments  to  the  shaft,  and  no  matter  how  many  are 
employed,  they  must  be  placed  level  with  one  another  and 
firmly  wedjjed  in  the  hitches.     They  must  be  in  line  with  tb^ 
shaft  collar  or  templet,  and  adjusted  by  measurements  take^^ 
from  plumb-bob  lines.     Cribbing  in  log-cabin  style  is  th^*^ 
built  on  them,  extending  up  to  the  stulls  that  support  the  nc^ 
upper  section  of  cribbing  or  to  the  collar  of  the  shaft.    AO^ 
vacant  space  behind  the  cribbing  is  filled  with  small  rock  ^^ 
lagging  and  dirt.     The  corners  should  be  thoroughly  wedge*^' 
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revent  them  ftom  moving  either  in  or  out,  and  also  to 
Iq  the  timbers. 

'rallied  8haft -Timber  Sets, — The  usual  method 

ig  shafts  is  by  timber  frames.     Each  frame  consists 

^nr  pieces  that  are  jointed  at  the  ends.     Between  two 

frames  a.  Fig.  18  [b),  are  placed  posts  e^  whose 
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fiould  not  exceed  S  feet  in  any  ground  where  the 

be  lined,  and  should  decrease  from  this  to  6  inches. 

to  the  character  of  the  ^ound.     If  the  ground  is 

5ak,  the  frames  are  put  in  close  together  without  the 

>rner  posts,  and  act  as  trames  and   lining.     For 

prejtsiires,  the  joints  are  made  as  in  Fig*  10,  but 

pressure,  the  end  joint  shown  in  Fig,  20  {b)  is 
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preferable  to  that  shown  in  Fig.  19,  although  the  buntons 
are  tenoned  alike  in  both  cases.  Fig.  20  {a)  shows  One 
(}i  the  timbers  with  its  edge  beveled,  so  as  to  form  a  joint 

that  is  strong  and 
not  so  liable  to  split 
as  where  the  notches 
are  square  cut.  The 
complete  joint  is 
shown  in  Fig.  20  (^). 
and  is  equally  capable 
of  resisting  pressure 
w-hether  it  comes 
from  the  ends  or  the 
sides,  or  both. 

Fig.  18  (a)  is  the 
plan  of  a  three-com- 
partment shaft  at  an 
ore  mine.     The  side 
plates  a  are  made  of 
10"  X  12"   timbers, 
the   end   plates  d  oi 
12'' X  12"  timbers, 
and  the  buntons  c  of  10''  X  12"  timbers  dovetailed  into  tbc 
wall  plates,  as  shown  by  the  notch  on  stick  c,  Fig.  19.    Tb« 
l^ffJ^i"^  ^  consists  of  3-inch  planks,  not  because  it  is  neceS' 
sary  to  sustain  pressure,  but   to  prevent  any  loose  ston^^ 
from  fallinj^  down   the   shaft.     It  will  be  noticed  that  tt^^ 
posts  (\  Fin^.  18  (^),  consist  of  10"  X  10"  timbers  5  feet  Ion ^• 
'I'he  combined  ladder  road,  airway,  and  pumping  corapaf^ 
ment  is  partitioned  off  from  the  hoisting  compartments,  aC» 
thus  acts  as  an  upcast  airway. 

27.  Advuiitafjes  of  Framed  Timber  Sets. — Squar^' 
set  shaft  timbering  has  certain  advantages  not  possessed  b5^ 
cribbing.  For  instance,  there  is  less  difficulty  in  plumbing 
the  shaft;  in  fitting  the  cage  guides;  in  repairing  an^ 
replacing  timbers;  and,  if  forepoling  is  necessary  during  sinlc^ 
ing,  it  may  be  done  with  less  trouble.     Another  advantage 
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smaller  than  the  wall  plates,  but  even  the  latter  may  vary  at 

the  ends  and  sides. 

A  good  form  of  joint  for  wall  plates,  to  resist  pressure 

coming  from  the  side  and  end,  is  shown  in  Fig.  22.    The 

bevel  D  in  the  wall  plates 
A   and   B    necessitates  ^ 
small  tenon  on  post  F,  and 
this  will   prevent  the  r^' 
moval  of  the  wall  plates; 
whereas,  the  posts  in  tii^ 
square  sets.  Fig.  21,  can  ^ 
removed  readily  and  p^^" 
mit  the  wall  plates  to  ^^ 
removed   as   well.    T^^ 
object  of  the  strip  5nail^^ 
along  the  center  and  b^^^ 
of  the  plates  is  to  forrxi  ^ 
shelf   for  the   pieces      ^* 
plank  lagging  to  rest  o^' 
Even   with    this    rest    t:be 
packing  between  the  1^0' 
ging  and  the  lining  mti^^ 
be  thoroughly  done. 


28.     Framing:  Buutons  and  Posts. — In  Fig.  23.  A  »^ 
a  post  having  a  shoulder  cut  on  it  so  as  to  fit  the  wall  plat^ 
where  tenons  extend  only  part  way  across.     The  object  of 
the  shoulder  is  to  form  a  support  for  the  bunton  under  some 
conditions;  for  example,  if  the  bunton  is  tenoned  to  go  into 
the  plate  mortise  from  below.     When  the  timbering  follows 
close  to  the  sinking,  the  buntons  are  likely  to  be  in  the  way 
of  the  men,  ])ut  when  tenoned  to  go  in  from  below,  they  may 
be  fitted  in  the  mortises  after  the  side  plates  for  another  set 
are    in    place.      Considerable  chiseling  is  necessary  at  the 
corner  B  of  the  bunton  to  form  a  close-fitting  joint  of  this 
description,  but  the  tenon  may  be  much  simplified  by  sawing 
off  those  corners  and  leaving   the  tenon  in  the  shax)e  of  a 
keystone,  or  wedge.      In  the  latter  case,  it  is  possible  to 
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love  auy  of  the  buntons  without  removing  the  posts,  pro- 
ided  tibey  are  set  in  with  the  small  end  of  the  wedge  down* 

29.     Tliu  Furmau  eiiuft, — The  shaft  timbering  on  the 

[^oinstock   lode,   in    Nevada,   was    exceptionally   good^  and 

BTeral  systems  of  jointing  were  introduced,  some  of  which 

[were  never  greatly  improved.     One  L-shaped  shaft,  known 

\z%  the  Forman  sliaft,  Fig.  24,  was  sunk  for  the  purpose  of 

I  separating  the  hoisting  from  the  pump  and  other  compart- 

f  mcnL    With  the  excepdon  of  the  strips  on  the  back  of  the 

side  plates,   the  method  of  timbering  is  explained  by  the 

illostfation*     These  strips  are  made  of  2''  X  2'^  or  3"  X  3" 


Pig.  23 

^*^ber,  being  spiked  as  shown  to  hold  the  lagging  that 
.^}^  on  them.  The  lagging  consists  of  sawed  material, 
f  }^h  is  made  in  proper  lengths  so  as  to  fit  in  between  the 
Z^H^H  on  the  adjacent  plates.  As  will  be  seen,  the  end 
^^^&  arc  similarly  supplied  with  strips  for  lagging  that  is 
[    ^^d  uurside  the  frame.     In  the  figure »  a  are  the  posts; 

the  wall  plate-  r,  the  long  end  plate;  d,  the  short  end 
[    ^^l  and  t,  the  detail  of  the  corner  joints.     Probably  this 

**e  only  L-shaped  shaft  in  existence. 

I  O*  Iliiti0lti|r  Bhaft  Fritines.— When  the  timbering  is 
^   ^  from  the  top  downwards,  the  timber  sets  are  suspended 

^^^eani  u(  hanger  bolts  having  a  bent  hook  on  one  end 
a  thread  for  a  nut  on  the  other,  as  shown  in  Fig.  25> 

^^  hanger  bolt^  are  needed  to  make  a  hanger,  and  each 


t! 
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I 
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;jaf1fneni  ib  fitted  with  one  hanger  on  each  wall  plate, 
twti  hangers  are  supplied  for  each  end  plate.  For 
EJary  work%  the  hangers  are  made  of  1-inch  round  iron, 
for  tise  in  wet  ground  they  are  made  larger  or  rein- 

d.  The  first  set  of  timbers  may  be  suspended  from  the 
i  collar,  or  templet,  or  they  can  be  hung  from  the  first 
that  rests  on  solid  rock  below  the  templet,  this  position 
mding  on  the  material  at  the  shaft  mouth.     The  hanger 

are  inserted  from  below  into  holes  in  the  frame  above, 
after  slipping  a  heavy  cast-iron  washer  over  the  end  of 


0 


Ftr,,  2f\ 


w  bolt*  the  DUts  are  screwed  on.     The  wall  and  end  plates 

llic  next  set  are  then  lowered,   the  hanger  bolts  with 

houk  ends  upwards  being  inserted  through  the  auger 

cs  from  the  top.     The  twn  hooks  are  brought  together 

1  the  washer  placed  on  the  bolt,  after  which  the  nut  is 

Wn  up  loosely.     The  side  and  end  plates  are  adjns^ted  to 

^^^  proper  positions  by  the  aid  of  plumb-lines  and  blockingp 
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and  the  posts  are  then  put  in  place  and  the  nuts  screws 
on  the  hangers  sufficiently  tight  to  hold  them  until  theyari 
again  lined  up.  After  the  timbers  are  properly  adjustw 
and  wedged  at  the  corners,  the  nuts  on  the  hangers  an 
screwed  up  tight.  Fig.  26  illustrates  a  number  of  wall  platej 
and  their  posts  as  they  appear  when  hanging  down  a  shaft. 


SHAFT  SINKING  IN  liOOSE  GROUND 
31.     Cribbing  for  Loose  Ground. — A  form  of  support 
for  excavations  that  will  not  stand  alone  or  have  a  tendency 
to  cave  shortly  after  sinking  is  shown  in  Fig.  27.    The  end 


Fig.  27 


and  side  plates  are  placed  skin  to  skin,  and  the  buntons 
are  put  in  close  together  to  prevent  the  wall  plate  A  tt^ 


Fir..  28 

bulging:  inwards.  The  buntons  are  arranged  to  break  joi 
with  the  wall  plates,  and  are  placed  in  mortises  cut  into 
plates  about  1  inch,  as  shown.     If  the  wall  plates  are  loi 
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two  sections,  with  a  scarfed  joint  that  comes 
3f  the  buntons,  but  each  stick  should  not  be  of 
igth — ^that  is,  should  break  joints  behind  the 

Where  only  one  bun  ton  is  used,  however, 
stick  must  be  the  full  length  of  the  shafts  even 
tit  to  handle  on  account  of  its  length  and  weight. 


rlb^. — In  small  shafts  where  buckets  are 

where  the  shaft  is  a  temporary  makeshift,  boxes 

d   of  planks   similar  to 

in  Fig.  28  may  be  foimd 

Birements*     The  planks 

2*  or  3-inch  stuff  and 
idgewise,  being  secured 
behind  them,  and  also 

as  to  break  joiuts*    If 

X  ^^'  stuff  are  nailed  to 

s^mers  parallel  with  the 

e   shaft,  they  will  pre- 

les  from  being   pushed 

no  other  fastening  will 

The  Illustration  shows 
lotched  at  the  corners  i 
nnecessary  where  strips 


)Si 


X 


Rem  of  lining  for  a 
tiser,  which  may  be 
buckets  are  used  for 
ihowti  in  Fig.  29,  While 
%nd  the  one  shown  in 
;>rimarily  for  temporary 
odpecting  or  exploring* 
I  adopted  for  winz.es  or 
mbling  ore.  The  lining 
\  Fig.  29  is  jointed,  and  Fig.  m 

ire  so  cut  as  to  make  the  box  stiff  by  haying 
it  as  a  brace  for  the  other.  In  this  case,  unless 
is  very  heavy,  it  will  not  be  necessary  to 
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re:::: .  r.e  the  orners  with  strips  placed  as  sho^^n  at  the  ccnier 
. :  :„v  :  .ir..  The  shaft  illustrated  in  Fig.  2^  Pleasures  3 feet 
'''  :n.hes  i::s:«Je  ar.c  the  shaft  lining  rests  on  the  tinibersers 
::!i:t.i  a:  the  bo::o:::  of  the  shaft  in  the  level.  The  msterial 
-■.:r.k  :hr.:ui;h  where  this  timbering  is  in  use  is  ciay  'M 
..vvrr-I  zir.c  cepusits:  similar  shaft  timbering  i?  -^ec  i: 
:':.rr  -iiu.i'.i.r.j.  however,  although  the  c:men5:;s>  are 
/.:~,.7i::::.  The  b-..x  ir.  the  corner  of  the  plan  is  forthe?::!- 
!  -e  ::  >tr: -rating  wires  and  air  or  steam  pipes  that  are 
::ej/:i.:  f.r  c  nJiucting  power  below  ground,  and  whca » 
:    xe  h  :hjy  w.V.  not  be  injured  by  the  bucket. 

'-V'^.     siiikliiir    ill    I^ooscs    Wet    Ground.— When  ::e 

'.  :  ■  •:•  excavated  is  wet  as  well  as  loose,  the 
":  ".i  -v.  :  -v.:  :  r::::;:  the  excavation  becomes  more  cifc- 
:  >  ■  •; "  . .  -  :  h  j  •  i :: a :;  t :  t y  o f  water  increase s .  There  are  T.iT 
vl .  ^ :  V  i  >  :  V.  L- : :: t:  < s .  and  as  the  pre s sure  increa >es  with  t-s 
...:^:V..  :h.  :::  >:  tr-  ublesome  excavation  will  be  in  \vater- 
•s..:-:.\::l/:.  '.  <e  ^.rmmd.  such  as  quicksand,  which  dema'C^ 
•-;'L'.:.."  :::j:*.  ./.>  i^T  excavation,  as  well  as  for  supporting  i*- 

ol.     Ktu'ipollii^. — When  the  ground  is  wet  and  U^'^ 
:     V..VO.  '  '.::  >:-.l".  :. -t  wtt  enough  to  run,  the  method  of  5-"' 

: :  .:  :';:c  cxjava::-'::  known  as  forepollii^  can  be  adopter 
:. ••.:.■.  >.  "..".  ^:-.  u:*.*.:  :>  reached.  Such  timbering  as  that s'm''-^- 
■  :  ":^.  ".  '  \\  \:\:  n<»:  :  e  suitable  for  more  than  a  temp^^'^^. 
•/■v^  >::■■-:.  ;..:::. v.'.a:ly  if  the  ground  passed  through  "'^'; 
•  :^'  ::...■.:  a  :<  v'.;.ra:e  I'.epih  of  2.j  or  30  feet,  for,  it  wo*-.- 
..-.   :.:::iS  •.     v.  v.".:  ^cv.i'n:e  saturated  with  water  and  exe'* 

••.--.::.    V  ■.  :::.■  :::r.bers   that  they  could  not  resist.    '^^ 
•    . . .  : ':: o  : ■ .:  /."l-  .  : h. e  t : ::: berin g  i s  started  from  the  suriV^' 
•..:.     ■ -:  >; :  .  '  ":  v/:^'  ::::  :::  p-sitiun  and  the  lagging /Mrive^* 
..:  ::  w::;  .:  ::'a''.     The  i: round  is  then  excavated  ins:*^^ 
.  :  :    .   ;    :  U:<  ;:::::'.  :'::j  ^It-pih.  decided  on  for  a  second  set •' 
•"  "^  :  ■: . . .  ■ . .  - \ .  w  h. V ::  :'"...:  i >  i  ". t  i ::  and  suspended  from  the  s^' 
.  ':;  \-    .  y  :..;•  v'.a::.;-  /  .      In  >:;^h  cases,  there  should  be  mud- 
-..'.^  //  iv'  >.::  p.^::  :h.o  :i:v.ho:-  buarcrs  G,  and  both  the  tirsi 
a:...;  :".:;.■  >f.  ■:..!  :i:r.:  er  sets  should  be  suspended  from  the 
1 -I Iter,  v.':'nLr\Ni>L  ii:\y  ^ave  wviuld  throw  the  timbering  out  oi 
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:es  C  are  sometimes  fastened  to  the  lagging  D, 

B^aiii  are  only  placed  between  the  forepoles  A'  and  D, 

object   being   to   prevent  D  from   coming  in  contact 

A*  and  tbns  furnishing  a  belter  angle  for  driving  the 

iJC.     After  poles  A"  have  been  driven,  the  excavation  is 


^-.s^k 


»iii:iLry,ii2jj,;:h: 


in  til  the  proper  tlisiance  fur  anotiier  shaft  set  is 
terl,  when  it  is  hung  irom  the  set  J  m  the  same  manner 
J  was  btttig  from  A,  and  forepoling  continued  for  the 
t  Set,  The  shaft  sets  are  spaced  and  kept  in  their  proper 
tions  by  the  corner  posts  B. 

B»  Doiible-Ltited  ShftftSp^Since  the  shaft  just 
titbftd  would  have  water  trickling  through  the  joints  in 
spiting  and  running  down  the  shafts  it  is  customary  to 
such  temporary  timbering  by  that  shown  in  Fig-  31, 
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v.irticiilarly  if  the  shaft  is  to  be  large  and  permanent.   As 
*ihowii  in  the  tijjure,  this  shaft  consists  of  three  compan- 
!^K",!:>i.  which  are  separated  by  the  bun  tons  B.    The  waJI 
IV. lies  A*  art*  placed  close  together,  and  between  them  and 
I'lo  lai:L:iiV4  c'  is  left  a  space  that  is  packed  with  puddled 
cl.iv  ov  ooinont  ^n>ut  to  make  the  lining  water-tight.   This 
s\  s:o:r.  has  proved  satisfactory  near  the  surface,  but  would 
v,.'i  Iv  ctlooiive  for  depths  much  below  100  feet.    Where  cod- 


1 


K:.;.  31 

s'.;-\     is    :v>    be    resisted,    concrete   mac>^ 
•'.:   :i\:d   tied  with   iron  rods  is  used  in  ==• 


.%<i.      IMUnir     I'hrniiirh    Soft    C>rouiiil. — If   the  gr<^^,.i 
■  ,'  ...■■  .Us'  is  ^.\':v.pnst.l  of  running  material  that  ^^"*" 
.   :  ■.    .;\  'i.\   .i:-'!  ».'^::ic-  \:p  through  the  bottom  of  ^^' 
.^    ^  :    ..  •.    :.'.^  iit-pth   of   t'no    unnuul  must  be  ascertained* 
^     .    .  ^, ,.   ^    N  vv^ir- '/.;•:.. •(.■..;.     I'iles  are  then  driven  at  a  vlii" 
^.    ,,^    x       v  ••  :lic  .-:vi:i  ■.v;...r  that  will  admit  of  other 
.    . ■    \\  ■'.   i ■  > i ^  1 5."   ■  ■ :    : iv^' :r. .   and  thus   preserve  the 
_    ^     .     '•  ■.;•.-  sl:art  viiwu  s-.'I-a;  rock  is  reached.     Fiii:.o2 
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the  position  of  the  piles  a  with  reference  to  the 
All  the  earth  between  these  piles  must  be 
the  piles  braced  laterally;  this  is  not  shown 
il lustration,   nevertheless    the    strength  of  the 
13 1    increase    with    the   depth.     The   excavation 
laller  with  the  depth,  and  thtis  the  conditions  (or 
tthe  increased  pressure  are  naturally  obtained.    This 

Ideal ""'^  ^i^ith  a  difficult  problem  may  prove  satis- 


Ff 


Fftt<  7^1 


ler  some  conditions^  particularly  where  stiff  iron 
be  used   for  braces   until  the   shaft   lining  is 


?iist  BotirdB  In  BhaftB. — In  some  cases,  so  as 
be    material   from    entering   the   excavation    from 

bottom  of  the  shaft  is  covered  over  with  short 

\t  are  held  down  by  posts  of  different   lengths* 

3WS  a  system  of  spiling  in  ground  that  must  be 

by    breast   boards  a.     The    work    is   slow,  and 


38 


PRELIMINARY  OPERATIONS 


requires  that  the  ground  be  excavated  in  sections, 
which  purpose  the  spiling  b  is  first  driven,  the  ground  be: 
excavated  a  little  at  a  time  until  the  desired  depth  is  reach 
This  is  accomplished  by  scooping  out  a  small  quantity 
earth  from  underneath  a  plank  and  then  blocking  the  pi; 
in  its  new  position.  Sometimes,  the  ground  is  so  fluid  t 
the  planks  cannot  be  lifted,  in  which  case  they  are  advan 
by  jacks,  and  the  material  pushed  back  or  allowed  to  o 
up  through  holes  in  the  planks  made  for  that  purpose. 


mi^{^^,f^^^Hk:^m^^ 


W'^v^i^rM^^c^^^'ri^ 


Fig.  a3 


compartment  in  the  center  of  the  excavation  is  always 
ahead  of  the  other  work  and  takes  the  place  of  a  s\ 
Iw  some  instances,  where  the  water  is  pumped  continue 
iivMW  the  sump  for  a  day  or  more,  the  excavation  ca 
X  .uliod  forwards  with  less  difficulty,  as  the  pumping  s 
ix^  \liain  the  material. 

rtu-  next  operation  is  to  widen  out  the  center  con 
>uoul.  and  for  that  purpose  the  spiling  c  is  driven;  thei 
^uv  ^^t'  t»v^ards  a  are  advanced  a  little  at  a  time  and  blocli 
^N^»u  at  4/.     This  operation  having  been  carried  on  unt 
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iilesired  depth  is  reached ^  the  spiling  £■  ts  driven  down,  and 
llhe  excairation  is  widened  out  between  the  spihng  t.  and  e  by 
lidTanciiig  and  blocking  the  breast  boards  in  section  /.  The 
iseciions  g  and  h  are  then  widened,  and  proper  timbers,  such 
\h  the  stringer  /,  are  placed  across  the  excavation  and 
Ibbcked.  The  center  compartnient  /  is  then  carried  down  as 
[explained,  and  the  shaft  timbers  k^m^  and  n  are  placed. 

If  the  ground  can  be  drained  and  there  are  no  running 
I  streams,  the  operation  of  sinking  through  quicksand  by 
I  spiling  and  the  use  of  breast  boards  may  be  accomplished 
suocessfully  in  some  cases;  but  the  modem  methods  devised, 
[although  more  expensive  on  account  of  material,  are  cheaper 
|ifl  the  end,  owing  to  the  saving  in  labor  and  time;  besides, 
|Whei}  finished,  the  results  are  more  satisfactory  and  in  most 
leases  the  work  is  probably  more  securet 
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38,    Bt]iklii0  Bhfifts  by  the  Rotliwell  Method. — The 

rRalhwell  method  of  penetrating  quicksand  was  devised  for 

U"e  purpose    of   reaching  the   sulphur  deposits   near   Lake 

[CbarlcSi  Louisiana.     These  deposits  are  covered  with  water- 

siturated  silt  that  cannot  be  driven   through  by  ordinary 

M^ftans.    The  system  was  not  adopted;  nevertheless  it  has 

)  *^ttic  commendable  features.     The  device  consists  of  a  ho!- 

'  '**^% pointed  shoe  a,  Fig.  34»  bolted  at  ^  to  a  hollow  casings 

^"^^  joint  b  is  made  water^tighti  so  that  water  may  be  pumped 

I  ^i^m  the  surface  into  the  shoe  and  spurted  into  the  ground 

™ut  the  shoe.     By  means  of  the  water  jets,  the  casing  can 

^  ttiailc  to   sink   for  a  distance    by   gravity,   but  when    a 

moulder  or  hard  pan  is  reached,  jacks  d  are  used  to  force  the 

'w  ddwn.     As  the  shoe  sinks,  sections  of  metal  lining  e*,  i 

*^  ailded  at  the  surface,  thus  making  a  hollow  compart- 

[o^t/,  down  which  men  may  go  to  work  the  jacks.     No 

'  a-ated,  so  that  the  pressure  on  the  inside  of 

rreat  as  that  on  Uie  outside.     If  any  excava- 

1 1$  attempted,  even  to  pumping  out  the  water,  the  sand 

I  pKk  about  sudi  linings  and  prevent  any  advancement. 


^':xf 


:_-:i:    :2r  sbtrt  lin 
^^.3,^  .J.  shoe  i 


i#^ 


i 


-■    -srhich  exieacs  t 
;h:  :r  push  :he  shoe 
si  through  the 


;>9 -     >  *  •* l^ •  "i:  ^ **^*** • — •""-«»•  '■' '  "^ "  -^ '** ^^  '^  plsLU  and  ele 
;,  ;^:v.:  .^:  s'loe  that  wil;  prove  satisfactory  wh< 
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ind  to  be  passed  tbrousrh  is  of  the  same  consistency*  It 
lot  be  depended  on,  however,  to  pass  through  sand  and 
day  or  hard  pan  to  reach  solid  ground.  This  shoe 
Bitres  48  inches  in  height,  and  consists  of  iron  plates  that 
riveted  together  and  braced.  The  lower  edge  is  beveled 
I  to  act  as  a  culter»  and  the  upper  edge  is  about  18  inches 
^e  the  I  beams  and  cross-braces.  The  timbers  that  line 
shaft  rest  on  these  beams  and  braces,  and  the  18-inch 
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fc  mentioned  prevents  them  from  moving  out  of  line  with 
&hoe.  As  the  material  is  excavated  from  beneath  the 
U  its  weie:bt  permits  tt  to  sink:  but  in  case  it  binds»  jack- 
ws  are  applied  to  force  it  down. 

ft.  Mc'tUoa  of  U^lnfT  tlie  Bhiklugr  Shoe. — Fig.  36 
^s  the  method  of  usiing  the  shoe  shown  in  Fig.  35,  and 
►  the  method  of  lining  the  shafL  At  the  top  of  the  shaft 
*is  a  mud-sin  on  which  two  shorter  sills  rest,  and  these 
t  sills  are  bolted  together,  so  as  to  have  sufficient  strength 


12 


PRELIMINARY  OPERATIONS 


§50 


•  h-  \'l  the  '.ve:;^'ht  that  is  'Suspended  from  them.  The  object 
rsire'l  :-  :  •  -^rcvent  the  shaft  lining  from  getting  out  of 
'.izT.'  ::  :r.^-  -::  .-c  n:uves  downwards  unevenly.  At  distances 
:  iV'-v::  I"  feet,  buntons  are  put  in.  and  iron  rods  are 
:re'A-e .:  t .  :::e:r..  The  reason  for  having  the  IS-inch  shoulder 
r.  the  t  :'  of  the  shoe  is  to  permit  the  shoe  to  be  lowered 
;i:!:j:er.tlv  t-:-  insert  these  buntons.    It  will  be  observed  thai 


I";.;.  3fi 

■\  v^iher  >iik'  n'Liiik  ior  lining  differs  m  width,  an  arrange* 
■.   :\\M  aiiN  in  kL'ri)in^  the  shaft  plumb,  since  the  sand 
^ .  '•'.  the  spiik'rs.  i>.irtii'ularly  when  a  pimip  is  used.    The 
.  .iiMchutl  I'v  I  li:iins  lo  a  swivel  nut  threaded  to  take  a 
.••»w    huiv^    tuMii    till:    lowest    bunton.     To    make  an 
■.  I  Ik-  t\-til-nijls  ail'  unsL-rewed  just  enough  to  permit 
.  •;   !.»  bo  inserted  inuler  the  lowest  one  for  lining,  and 
. .  .•ntiniu'd  all  anmiul  the  shaft,  blocking  being  inserted 


PREHMINARY  OPERATIONS 


43 


tild  the  planks  above  while  the  new  planks  are  being 


case  ihe  quicksand  flows  into  the  excavation,  the  shoe 
bfi  covered  above  the  I  beams  and  a  pump  pipe  extended 
le  platform  thus  formed.  The  pump  will  probably 
the  excavation  in  this  case,  so  that  the  lining  can  be 
sd  downwards  in  the  same  manner  as  before.  The 
system  has  been  used  eSectively  in  ground  free  from 
jers  and  clayj  for  instance,  in  one  case  a  sand  bed 
et  thick  was  encountered  60  feet  below  the  surface. 

.  Weighting  glmft  Llnltig!:*. — Before  the  system  of 
ig  the  lining  on  the  shoe  was  adopted,  the  plan  was  to 
ihe  lining  at  the  top  and  sink  the  whole  shaft  by  jack- 
ITS  weighted  at  the  top.     This  system  could  be  followed 

lo  a  smaU  depth,  since  the  sand  would  pack  about  the 
g  and  by  pressure  prevent  any  downward  movement, 
IS  also  a  diJBcuU  matter  to  keep  the  shaft  lining  plumb, 
^  there  was  no  way  of  regulating  the  direction  of  the 

e^^cept  from  the  top  of  the  shaft, 

i.  SlnkluK  ttte  Susquehanna  Shaft, — The  Sus- 
lanna  shaft  located  at  Hibbing,  Minnesota,  was  sunk 
tiffh  57  feet  of  dry  sand,  60  feet  of  quicksand,  and  31  feet 
aid  pan,  or  a  total  of  13S  feet.  Anticipating  quicksand, 
uU  shaft  was  sunk  with  the  expectation  of  draining  the 
ouoding  territory  and  thus  make  it  less  difficult  to  sink 
rge  working  shaft  40  feet  away.  The  inside  dimensions 
be  small  shaft  were  8  ft.  X  10  ft.,  and  the  shaft  timbers 
c  12  in*  X  12  io*,  separated  by  posts  3  feet  long  and 
)ended  by  hanging  bolts  li  inches  in  diameter  from 
t-limber  bearers  that  were  24  inches  in  diameter  and 
Bet  long.  At  a  depth  of  45  feet,  six *^ -inch-diameter  wire 
?8  were* used  to  hang  the  shaft  timbers  from  the  bearers, 
g  8''  X  8''  washers  for  the  bolts.  At  57  feet,  when 
fer  and  quicksand  were  met,  there  was  considerable  pull 
he  ropes,  imd  two  trusses  were  built  to  span  the  shaft 
If,  making  the  shaft-timber  bearers  the  lower  chords  of 
lary  queenpost  trusses.     From  this  depths  a  shaft  set 
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was  beveled  to  an  edge  flush  on  the  outside  of  the  ^^ 
placed  in  position,  and  forced  down  with  jacks  like  a    ^ 
filling  in  other  timber  sets  above  it.     The  timbers  were^ 
bolted  together,  after  which  water  was  pumped  and 
excavated  and  hoisted. 

At  a  depth  of  85  feet,  the  pressure  from  water  and 
being    very    great,   the   size  of    the   shaft  was  reduc^^ 
6  ft.  X  8  ft.  by  building  a  solid  box  with  the  bottom 
beveled  to  the  outside.     This  box  was  forced  down  t*^ 
hard  pan  and  suspended  from  the  trusses  at  the  shaft  c^ 
by  ten  wire  ropes  1  i  inches  in  diameter.     During  the  e 
process,  a  steel  box  3  ft.  X  5  ft.  and  10  feet  long  was  fo^ 
down  in  the  middle  of  the  shaft,  to  serve  as  a  sump  for^ 
pump.     The  progress  in  the  quicksand  was  very  slow,  \"^ 
ing  from  6  inches  to  nothing  a  day,  and  work  had  tc^ 
carried  on  continuously  by  8-hour  shifts  in  order  to  hold— 
headway  made. 

The  great  danger  in  such  ground  lies  in  the  sand 
water  bubbling  through  under  the  bottom  timbers,  anC 
prevent  this,  a  plank  or  shovel  was  placed  where  the  bnhbl 
occurred,  and  the  water  was  allowed  to  rise  a  few  feet  in 
shaft  and  thus  permit  the  sand  to  settle.  To  avoid  cavit 
bohiiul  the  lining,  hay  was  rammed  behind  the  timbers,^ 
wo  more  sand  was  hoisted  than  could  be  avoided,  for 
rruun'od  too  fast,  the  sand  outside  the  shaft  would  becoi 
Kh^so  anil  run  and  cause  such  great  strains  as  to  break  t 
n  v>ns  and  ruin  the  whole  work  irreparably.  In  some  cas' 
[\\c  pumps  had  to  be  stopped  to  avoid  this  running,  wh 
was  .ihvays  preceded  by  the  bubbling  mentioned. 

\l\.  This  drainage  shaft  being  completed  through 
iKitil  )>.\n  to  solid  rock,  the  three-compartment  hoisting  sh 
«»  n.  \  U»  ft.  inside,  as  shown  in  Fig.  37,  was  started,  > 
»ho  \isu,il  siiuarc-set  timbering  and  lagging  to  the  quicks; 
llrir  ii  was  t\nmd  that  the  drainage-shaft  pumps  had  dra 
\\\c  iiround  at  the  hoisting  shaft  to  such  an  extent  that 
watrr  could  be  readily  handled  by  a  No.  7  steam  pi 
V\\v  same  difficulties  were  encountered  as  at  the  drai: 
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not  to  such  ^n  extent.     The  method  of  sinking 
was  as  fallows:     A  drop  sec- 
I  j_j  tion    fi    of    shaft    timbers   was 

I  framed  and  placed  in  position 

^  to  act  as  a  shoe.     This  section 

was  the  full  size  of  the  shaft, 
and  was  made  of  four  sets  of 
12"  X  12"  limbers  bolted 
together,  the  two  lower  sets 
being  beveled  as  shown  and 
shod  with  a  shoe  d  of  «-inch 
steel  plate.  The  cutting  edge 
of  the  shoe  had  a  3-tnch  face, 
and  the  steel  plate  was  shaped 
and  spiked  to  the  lower  tim- 
bers. On  the  outside  of  tnis 
drop  section  was  bolted  a 
sheathing  r  of  planks  that  had 
their  lower  edges  mitered  so 
as  to  offer  less  resistance  lo 
the  satid.  The  upper  ends  of 
these  planks  extended  above 
the  drop  section  to  the  per- 
manent limbers  d^  as  shown, 
so  that  when  the  jacks  t  forced 
the  shoe  and  drop  section 
down  I  another  permanent  tim- 
ber set  could  be  put  in  and  the 
quicksand  kept  out.  Thirty 
jacks  2 J  in.  X  18  in,  were  oper- 
l^^^^tt^an^  ^^^^j  between  the  drop  section 

and  the  last  permanent  timbers, 
and  when  they  had  forced  down 
'^^1  the  shoe  a  sufficient  distance, 

they  were  removed  temporarily 
'  and   a  new    set   of   permanent 

timbers  put  in  place.    As  it 
;u:y  lu  keuii  ihis  shaft  vertical,  extreme  care  was 
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exercised  in  using  the  jacks.  The  rate  of  progress  throueh 
the  quicksand  was  about  9  feet  per  month. 

44.     Shaft  Sinking  by  Interlockinfir  Channel  Bars. 

A  new  system  of  sinking  shafts  through  quicksand  has  been 
introduced  with  success  near  Johnson  City,  Illinois,  where, 
at  a  depth  of  65  feet,  a  stratum  of  quicksand  10  feet  thick 
is  encountered,  which  is  followed  by  4  feet  of  clay,  then 
18  inches  more  of  quicksand  and  6  inches  of  blue  clay,  and 
then  shale.  When  drained  of  water,  the  sand  sets  hard,  and 
timber  is  forced  through  it  only  with  great  difficulty.  To 
overcome  this,  interlocking  channel  bars  12  feet  long  and  in 
the  form  of  a  rectangle  were  driven  down  until  they  penetrated 
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Fig.  38 

.\bont  1?  feet  into  the  shale.     In  Fig.  38  is  shown  a  section 
ot  ilii^  shaft   lining  with  the  different  members  assemble^ 
\\\  \\\c  lol.iiive  positions  they  occupy  when  placed  in  a  shaft- 
whiU'  in  l''i>:.  oU  arc  shown  the  details  of  construction.    The 
limnr.    torinin^   the   sides  is  made  up  of   12-inch  33-pouno 
vl».\mu'l  b.ns  </  and  /'  alternately  arranged  as  shown,  having 
I'.N.'N-*!  lo  thorn  4"  X  4"  X  i''  Z  bars  r,  the  latter  being  so 
ri.unl  .\s  \o  enjiatre  with  and   interlock  the   edges  of  the 
pl.iMi*  v'hannols.     The  corners  of  the  shaft  lining  are  made 
oi  .J  \\w\\  an^lo  bars  riveted  together  so  as  to  interlock  with 
ihr  N\drs.     \i  necessary,  heavier  channel  bars  can  be  used. 
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i  this  case  they  were  not  needed.  Channel  bars  thus 
ged  can  be  driven  to  varying  depths  by  fitting  in  pieces 
the  top  and  driving  the  preceding  one  down  ahead, 
channels  interlock  nearly  water-tight,  and  by  cementing 
aild  below  them  when  in  a  permanent  position,  the 
may  be  practically  shut  off.  The  additional  angle 
shown  at  ^,  Fig.  39,  are  for  the  purpose  of  preventing 
]  bars  from  separating  when  under  pressure. 

use  this  system  1  the  shaft  shotild  be   started  2  feet 
r  each  way  than  the  size  desired,  and  should  be  sunk 
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this  cross-section  to  the  quicksand  to  be  encountered, 
cbannels  are  then  driven  down  inside  the  shaft  without 
)T!ng  any  of  the  sand.  Thus,  the  channels  take  up 
115  inches,  and,  allowing  6  inches  for  the  timbers,  there 
be  only  1  inch  esttra  space  on  each  side.  With  timbers 
dies  thick,  iherefore,  an  S'  X  W  shaft  would  be  the 
imtim  ^i3te  that  could  be  obtained  from  one  started 
X  18  ft-  in  section*  Before  hoisting  any  material,  the 
nets  must  be  set  plumb  in  a  solid  frame  and  driven 
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":'.^::    ■'  '^■'-     "■■ '    -'-'•'.;;-.     The    :r;ec:i:-n<  lo  i*^ 

i-r  '.-','.  :.'  r:.r.   :.: :       "^--i  ::   -^iri  under  a  ?res>^ 

:-  -:~.:t-:*     "j^   ;    '!■.;  :"    •—.\\  :r:n:  mn:::::^  into  tbe 

ti:i"^"    '■  ^' -  ' -■■  :  '         "      ^^"vA-es  ^::h  ceprh.     F:^.  4"^ 

4   t   ;r:— "t:*:   "    ■'   '■•   :--.-:  *.*-2  ...isscn  i?  sr.rn:or.nted  by 

i.-  iiT  '.I'li  '  ■*'    ■-     ■        •  "  i    -*"•     '■•  order  :.>  keep  ihe  air 

11  rbe  ci'si::.   a^A    \r:rnAi    tiie   excavated  material   to  be 
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1*  there  is  a  sttiffm^box  g  through  which  the  hoisting 

passes,  also  a  partition  /  and  a  system  of  doors  r,  d^ 

I  €.     The  workmen  use  the  doors  lo  go  into  and  out  of 

caisson.    The  material  to  be  removed  is  hoisted  through 

door  r^  which  is  closed  as  soon  as  the  bucket  reaches  the 

-lock  jilatform,  the  other  doors  being  closed  during  the 

oration*     The  valve  h  is  next  opened  to  equalise  the  air 

the  two  compariments  and  lo  permit  the  door  d  to  be 

fened,  after  which  the  bucket  is  transferred  to  the  other 

cipartment:  the  door  d  and  the  valve  h  are  then  closed 

he  door  r  opened,  through  which  the  bucket  is  hoisted, 

ed*  and  returned  to  the  air  lock*     The  door  t  is  next 

ased  and  the  valve  h^  opened  to  equalize  the  pressure, 

tn  the  door  d  is  opened  and  the  bucket  transferred  to  the 

£f  compartment,  after  which  the  valve  //'  and  door  d  are 

|o»ed.     Air  is  admitted  into  the  compartment  containing 

t;  then,  the  door  <r  is  opened  and  the  bucket  lowered 

j^isson.     In  order  to  remove  the  water  through  the 

^pe  u  a  pump  may  be  needed,  and  in  very  soft  material 

Lis  may  be  all  that  is  required  for  excavation,  provided  the 

Ilea  work  die  material  from  under  the  caisson  edge  so  that 

^  Biay  sink  uniformly.    Air  is  let  into  the  caisson  by  a  pipe 

similar  to  r. 

There  is  the  same  objection  to  this  system  as  to  others 
^Ijcre  gravity  is  depended  on  to  sink  the  lining;  namely, 
oat  it  can  only  penetrate  the  ground  a  short  distance  before 
jthe  outside  pressure  of  the  ground  holds  it  like  a  vice, 
FnecesiitattDg  the  use  of  hydraulic  jacks-  It  then  becomes 
t  ^°ly  a  matter  of  time  when  the  use  of  jacks  will  prove  futile 
[«>  forcing  the  lining  down. 

'^e  expense  connected  with    the  pneumatic   method  of 

pmktiig  \^  fiQj  50  great  as  might  be  supposed,  but  there  are 

Tievtral  disagreeable  features  that  have  militated  against  its 

^^optioo  for  mining  purposes.     The  men  in  the  caisson  can 

k  short  shifts,  even  when  the  gauge  pressure  is  but 

is  per  square  inch;  above  this  pressure,  they  are 

ttZuj^CI  to  vertigo  I  nosebleed,  intense  pains  in  the  back,  or 

ilysis*     These  effects  seem  to  be  felt  more  on  coming 
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placed  across  the  caisson  to  keep  the  edges  in  pi 

Chamber  /  at  the  bottom  of  the  shaft  is  the  ca 

which  the  men  work,  and  it  is  kept  free  from  water  by 

sore.    The  roof  of  the  caisson  c  in  this  case  is  coi 
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of  four  layers  of  12"  X  12"  timbers  laid  in  tar^  pitch*  or 

ccmeul  loside  of  ihe  roof  there  is  a  3-inch  plank  lining^ 
and  all  ihe  joiols  are  reDclered  air-  and  water-tight  by  calking, 
A  shaft  or  tube  4  feet  in  diameter  is  carried  up  thfough  the 
center  of  the  shaft,  as  shown  at  j^,  and  the  air  lock  is  attached 
to  and  forms  a  part  of  the  top  of  this  shaft,  pressure  tube, 
air-sthaft*  or  main  shaft,  as  it  is  called.  Two  4-inch  pipes  are 
carried  to  the  caisson  chamber*  one  for  supplying  fresh  air 
and  the  oOier  for  coDveying  the  excavated  material  out  of 
the  shaft.  The  shaft  is  sunk  to  the  water  level  without  the 
use  of  compressed  air,  after  which  the  caisson  is  put  in 
place,  aod  the  shaft  lining*  which  is  composed  of  cribbing, 
is  commenced  on  the  top  of  the  caisson  and  carried  up  as 
the  work  progresses.  The  entire  structure,  lining  and  all, 
sinks  with  the  caisson.  A  sufKctent  pressure  of  air  is  intro- 
^^ced  into  the  caisson  chamber  to  keep  back  the  water,  and 
^t^  enter  it  through  the  air-shaft  jf,  which  is  provided  with 
an  air  lock  at  the  top, 

17,    The  Air  Lock,— The  air  lock  consists  essentially 

o'  a  chamber  having  two  doors,  both  opening  toward  the 
^isson.  As  a  man  comes  to  it  from  the  outside,  the  outer 
^f>or  is  open,  and  he  enters  the  chamber.  After  closing  this 
^^^T^  he  allows  the  compressed  air  from  below  to  enter  the 
chamber  through  a  pipe  and  valve,  and  when  the  air  in 
the  chamber  has  reached  the  same  pressure  as  that  in  the 
lube,  the  door  leadmg  to  the  tube  is  opened  and  he  descends 
t*>  his  work  by  means  of  a  ladder  through  the  tube  and  into 
^^  caisson. 

48.    Fosttlon  of  Air  Liock*— The  position  of  the  air 

lock  in  regard  to  the  caisson  chamber  is  a  point  that  has 

j  l>e«o  discussed  a  great  deal.     If  it  is  placed  at  the  bottom  of 

the  air-shaft,  the  men  do  not  have  to  climb  the  ladders  under 

Jjiir  pre.'^sufe,  thus  saving  a  great  deal  of  very  fatiguing  work. 

|Oo  the  other   hand,  if  a  sudden    inrush  of   water   occurs 

lirotigb  ft  break  in  the  side  of   the  caisson  or  in  the  air 

pipes,  it  may  be  impossible  far  the  men  to  escape  through 

air  bck  before  the  caisson  is  filled  with  water,  and  in 


52 


PRELIMINARY  OPERATIONS 


150 


such  a  case  they  would  be  drowned  in  the  caisson  chamber. 
If  the  air  lock  is  at  the  top  of  the  air-shaft,  the  men  can 
escape  into  the  air-shaft,  and  thus  be  safe  from  the  rising 
water.  This  matter  has  been  compromised  by  placing  the 
air  lock  in  the  shaft  at  a  point  about  half  way  between  the 
caisson  and  the  top  of  the  work  when  finished.  In  the  caisson 
illustrated  in  Fig.  41,  the  air  lock  is  placed  at  the  top  and 
forms  a  part  of  the  air-shaft. 

49.  Removal  of  Kxeavated  Material. — Originally,  the 
material  excavated  from  the  caisson  had  to  be  hoisted  through 
the  air-shaft  and  stored  in  the  air  lock  until  this  was  filled; 
then,  the  lower  door  connecting  with  the  caisson  was  closed, 
the  outer  door  opened,  and  the  material  discharged. 

50.  Auxiliary  Air  L,ock.— The  method  of  removing 
excavated  material  just  mentioned  was  extremely  expensive 

and  led  to  the  invention  of 


an  auxiliary  air  lock  on  the 
side  of  the  main  lock,  into 
w^hich  the  material  could  be 
placed.  When  this  lock 
was  filled,  it  was  discharge<i 
without  affecting  the  pres- 
sure on  the  main  lock- 
This  was  accomplished  by 
having  the  doors  at  the  two 
ends  of  the  auxiliary  loc*^ 
so  constructed  that  they 
could  not  both  be  opened 
at  the  same  time,  and  after 
the  material  had  been 
placed  in  the  lock,  the  inner 
door  was  closed  and  the 
outer  one  opened.  The 
general  principle  of  this 
method  is  illustrated  in 
Fig.  42,  where  />  represents  the  door  leading  from  the  main 
air  lock  into  the  air-shaft,  A  the  door  leading   from  the 
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inlo  the  main  air  lock,  and  F  and  G  the  two 
le  aiixiHary  air  lock.  When  in  use*  the  doors  A 
Closed,  and  the  doors  B  and  /^are  open.  Material 
tito  the  air  lock  and  dumped  into  the  auxiliary 
len  the  auxiliary  lock  is  full,  the  door /"is  dosed, 

opened,  and  the  material  slides  out  of  its  own 
m  device  has  greatly  cheapened  the  pneumatic 
linking,  but  it  entails  a  great  amount  of  labor  in 
I  material  into  the  lock. 

plrator.^The  next  improvement  was  the  inven* 
aspirator,  by  means  of  which  the  fine  material 
}wn  or  aspirated  out  of  the  caisson.  The  proce- 
ed was  to  mix  the  sand  and  gravel  with  water 
into  a  pipe  connected  with  the  aimosphere»  the 
ng  then  blown  out  in  a  stream  by  the  air  pressure 
on. 

if  a  lew  boulders  are  encountered  during  the 
y  are  carried  down  in  the  caisson,  and  if  the 
shaft,  are  removed  and  hoisted  out  after  the  roof 
on  has  been  cut  away.  If  there  are  a  large  num- 
ders  present,  however,  it  will  be  necessary  to 
ind  hoist  the  pieces  out  through  the  air  lock. 

iti  Llulng,— The  shaft  liniog  as  built  on  the 
caisson,  Fig.  41,  is  composed  of  timber  and  is 
cribbing.  The  outside  of  the  lining  was  covered 
plank  lagging  placed  diagonally,  as  shown  at  the 
Itustration. 


I   METHOD  FOR  SINKING   IN  QIHCKSAND 

tiel|ilei^  Itivolved  lu  tlie  Freeziiifr  Methoile. 
Ived  the  plan  of  freezing  quicksand  in  such  a  way 
tions  can  be  made  in  it  the  same  as  in  solid 
he  Po&tsch  system  is  based  on  the  use  of  a  freez- 
that  will  absorb  heat  when  brought  in  contact 
aterial  to  be  frozen,  and  that,  being  much 
freezing  point  (32°  FJ,  will  eventually  reduce 
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the  material  to  such  a  temperature  that  it  freezes  solid.  A 
solution  of  calcium  chloride  that  will  not  freeze  until  tlxe 
temperature  is  60°  F.  below  zero  is  employed  for  this  pax** 
pose,  and  is  pumped  into  a  series  of  tubes  sunk  in  thB.< 
ground  to  be  frozen.  Calcium  chloride  in  solution  is  a 
brine  that  does  not  freeze  if  cooled  by  means  of  ammonia 
gas,  but  if  circulated  through  tubes  properly  arranged  intt^e 
ground,  will  cause  the  earth  that  comes  in  contact  with  th^e 
tubes  to  freeze  solid. 

54.     Conversion  of  Gas  to  a  liiqald. — To  convert      a 
liquid  to  a  gas,  heat  is  applied;  but  a  large  part  of  thehe^t 
is  latent,  that  is,  does  not  appear  as  heat  nor  raise  the  teon- 
perature  of  the  gas.     Conversely,  when  pressure  is  appfe<^ 
to  convert  a  gas  into  a  liquid,  the  latent  heat  is  liberate<3. 
Each  gas  has  a  particular  pressure  at  which  it  may  be  con- 
verted into  a  liquid  at  a  given  temperature;  ammonia,  for 
example,  becomes  liquid  under  a  pressure  of  about  90  pounds 
per  square  inch  above  the  atmospheric  pressure  when  the 
temperature  is  50°  F.     If  the  temperature  is  not  raised  aoa 
the  pressure  is  kept  constant  at  90  pounds  per  square  inch, 
the   ammonia  will   remain   a  liquid;   but  if  the  pressure  t^ 
reduced  or  the  temperature  increased,  the  liquid  will  becom^ 
gaseous. 

In  the  freezing  process,  anhydrous  ammonia  gas  is  liquefied 
by  compression  in  the  pumps  of  an  ice  machine,  and  tb^ 
liquid  leaves  at  a  temperature  of  102°  F.  and  passes  throug^^ 
pipes  surrounded  by  cold  water  to  reduce  the  temperature* 
The  liquid  ammonia  is  then  made  to  flow  into  a  long  series 
of  pipes  placed  in  a  large  wooden  tank  containing  a  solution 
of  calcium  chloride.     The  liquid  ammonia  expands  into  a 
gas  in  these  pipes,  and  extracts  heat  from  the  solution  sur- 
rounding them  to  such  an  extent  that  the  temperature  of  the 
calcium-chloride   solution   is   reduced  to  about  8°   F.    The 
ammonia   gas   is   then  returned    to    the   compressor   to  be 
liquefied    and    utilized    for    the    production   of    more   cold. 
Calcium  chloride,  as  stated,  is  capable  of  absorbing  a  large 
amount  of  cold  without  becoming  frozen;  consequently,  if 
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solution  should  leak  into  the  material  to  be  frozen,  the 
ilred  object  could  not  be  accomplished* 

S5*    Frec^yJiig  the  Ground. — To  freeze  the  ground,  a 

iea  of  casing  pipes  are  driven  down  or  sunk  by  the  rotary 
ittm  to  solid  rock*  These  pipes  are  then  cleared  of 
iterial  by  means  of  sludge  pumps  and  streams  of  water. 
ic  rock  ha\Hng  been  reached,  a  drill  is  used  to  bore  into 
t  rock  for  a  distance  of  4  or  5  feet.  Pipes  5  or  6  inches 
diameter  are  let  down  through  the  casin^f  pipe,  the  lower 
f>e  being:  plugged  at  its  end  either  before  of  after  sinking. 
Ic  casing  pipe  is  next  removed,  which  leaves  the  solution 
pe  in  contact  with  the  earth  to  be  frozen,  as  shown  at  a^ 
Z*  43,  Inside  of  the  pipe  a,  the  solution  delivery  pipe  d, 
orSiochesin  diameter,  is  lowered  nearly  to  the  bottom 
the  5-  or  0-inch  pipe,  as  shown*  The  brine  is  pumped 
Dm  the  cooling^  tank  of  the  ice  machine  into  the  small  pipe 
imiected  at  the  surface  with  the  pipe  ^,  and  Is  thus  made 
flow  to  the  bottom  of  the  large  pipe,  from  which  place  it 
ses  and  passes  back  through  the  pipe  d  to  the  cooling  tank, 
here  it  is  again  cooled  and  circulated  as  before. 
1*1  the  figure,  which  illustrates  the  practice  as  conducted  in 
nking  a  shaft  at  Iron  Mountain,  Michigan,  the  pipes  are 
own  in  a  circle  about  the  ground  to  be  frozen.  They  were 
*»t^e(i  about  3  feet  6  inches  apart  and  formed  a  circle  29  feet 
diaiDeter,  The  ground  was  frozen  solid  to  the  center  of 
^*hait  and  for  a  distance  of  about  13  feet  outside  of  the 
**^s  near  the  bottom*  The  frozen  quicksand  is  said  to  have 
'setnhled  a  compact  sandstone,  and  was  excavated  as  though 
^^tt  rock*  The  excavation  was  carried  inside  of  the  circle 
►tttjfed  by  the  pipes,  and  the  ground  was  supported  by  hang* 
?  timber  sets  from  the  top  down*  It  is  customary  to  make 
e  first  timbering  temporary,  and  then  build  from  the  solid 
^^  a  strong  lining  that  will  support  the  pressure  exerted 
^  the  quicksand  after  it  has  thawed. 

56*    AdVHntiig^i*^  of  the  Ptt*tseh  System, — The  many 

ies  connected  with  the  other  systems  of  sinking 
■  "£.*.  .iLitcksand  are  avoided  by  using  the  freezing  method* 
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iThc  exDensive  and  slow  work  of  timbering  and  the  vast 
liiniouni  of  pumping  needed  in  other  systems  are  avoideiL 
[in  France,  shafts  have  been  put  down  300  feet  by  this 
[fnethod,  and,  since  excavation  when  under  way  can  proceed 
fXuickly,  it  is  considered  in  some  cases  to  have  been  cheaper 
[than  other  systems, 

57.     Freezliip:   by  Atnmoiila   Gas.^ — ^M,  Gobert   intro* 
luced  a  modification  of  the  Pcetsch  system  that  acts  more 
quickly,  since  it  brings  the  cold-prodticing:  substance  in  direct 
Eontact  with  the  ground  rather  than  through  an  intermediate 
solution  of  brine.     lo  practice,  the  temperature  of  the  sodium* 
chloride   solution   in   the    tubes    seldom    goes   below  zero, 
>wing  to  the  loss  of  cold  due  to  pipe  connections  and  circu- 
lation defects.     When  ammonia  is  vaporized  and  sent  down 
the  inner  tube,  a  lower  temperature  is  obtain ed^  for  the  gas 
is  capable  of  producing  a  cold  of  —22°  F*     Although  this 
lempcrature  would  not  be   realized  in  practice,  owing   to 
Josses  due  to  circulation  and  pipe  connections,  nevertheless^ 
lower  teraperattire  is  available  than  when  brine  is  used, 
kfter   circulation,   the  ammonia  gas  is  pumped   back   and 
liquefied,  so  that  this  process  is  practically  as  continuous  as 
the  brine  process ^  and  has   the   advantage  of   freezing  the 
J  round  more  quickly.     It  is  also  clairoed  to  be  more  econom- 
|ical  than  brine,  both  in  the  outlay  for  the  plant  and  the  cost 
j£  operation. 

FreeKlniir  Qiiteksand  Below  Roek,  —  When  a 
ihskfl  has  been  sunk  in  rock  and  then  encounters  quicksand, 
khe  tubes  for  freesiing  mixtures  are  put  down  at  an  angle 
l^rom  inside  the  bottom  of  the  shaft.  The  pipes  are  then 
connected  and  carried  to  the  surface,  and  in  order  to  pre- 
ifent  n  loss  of  cold,  the  pipes  in  the  shaft  are  covered  with  a 
noo-€onducting  inatenaL  The  ground  is  then  frozen,  as 
ilready  estplained,  either  by  the  solution  of  brine  or  by 
immonia  gas.  If  a  stream  of  running  water  is  encountered. 
^he  pToCe^i*  may  not  be  capable  of  freezing  the  ground, 
Itocc  the  water  will  continually  abstract  the  cold,  and  before 
It  ciui  be  congealed,  will  move  away  from  the  pipes* 
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SINKING  IN  SOIilD  ROCK 

59.     Excavating  Apparatus. — If  a  shaft  is  to  be  sunk 
to  a  depth  of  250  feet  or  more,  and  timber  and  machinery,  such 
as  pumps  and  drills,  are  to  be  handled  in  addition  to  hoist- 
ing the  broken  material,  the  work  could  be  done  with  a  horse 
whim;  but   this    method  would  be    so    slow  that  a   steam 
hoister  would  be  more  satisfactory  and  more  economical, 
even  if   it  were    discarded  for   a   more   powerful   hoisting 
engine,  after  the  sinking  was  completed.     Where  a  hoister  is 
used,  there  must  be  a  head-frame,   an  engine,  and  a  boiler 
house.     A  30-horsepower  engine  with  a  60-horsepower  boiler 
may  be  employed,  and  the  balance  of  the  boiler  power  utilized 

to  run  a  steam  pump. 
If  air  drills  are  re- 
quired, more  boilers, 
as  well  as  an  air 
compressor,  will 
have  to  be  added  to 
the  plant.  Three 
iron  buckets  should 
be  provided,  so  that 
if  one  of  the  buckets 
gets  out  of  order 
while  hoisting  mate- 
rial, it  can  be  re- 
placed. A  black- 
smith shop  with 
forge  for  sharpen- 
ing drills,  makini: 
spikes,  and  repairing 
tools  should  also  be 
included. 


Fig.  44 


60.     Head -Frames. — The    head-frames    employed  for 

sinking  purposes  are  usually  temporary  affairs,  and  are 
therefore  not  so  expensive  nor  so  elaborate  as  permanent 
head-frames.     In  many  instances,  however,  the  head-frame 
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psed  for  sinkiojj  has  been  retained  as  the  permanent  head- 

rame*  and  there  is  ao  valid  reason  for  not  doing  so  whenever 

le  purpose   for  which   the 

is  to  be  tised  has  been 

lined  by  exploration — 

bot  not  otherwise*     Fig,  44 

shows    a    common  form    of 

gallows  frame  used  for  sink- 
ing purposes.    The  platform 

a  has  a  door  ^,  yehich   is 

closed  when   the   bucket  is 

dumped,  so  that  no  material 

will  fall  down  the  shaft,  but 

at  other  times  is  often  left 

opeci.    The   object  of  the 

raised  platform  is  to  permit 

Ke  bucket  €  to  be  dumped 
recti sr  into  the  rock  car  d, 
■  thus  avoid  esctra 
Hling, 

Another   type   of   head- 
^^^ame  for  sinking  is  shown  Fto.  u 

^Ki  Fig.  45«  and  is  preferable  in  some  respects  to  the  gallows 
^Brame.    The  platform  a  m^y  be  arranged  so  that  the  ore  can 
"be  dumped  over  the  side  of  the  platform,  or   hy  keeping 
the  doors  ^  closed,  the  bucket  may  be  dumped  directly  into 
m  car  that  is  run  on  to  the  platform. 


m^ 


61.  I^audltiic  Doors  g— Several  complicated  doors  for 
Hiding  platforms  have  been  designed  to  open  automatically 
rhen  the  bucket  reaches  them,  but  all  such  arrangements  are 

angerotis,  inasmuch  as  they  are  liable  to  become  broken 

[id  thus  tip  the  contents  of  the  bucket  on  the  heads  of  the 
kinker:$.  As  there  must  be  doors  at  the  landings  the  best  for 
;itjrpose  are  those  that  can  be  opened  and  closed  by  haodi 
I  order  to  operate  them  without  too  much  exertion,  they 
tre  trsually  balanced  by  weights.     Fig.  4(5  {a)  and  (^)  shows 

Lpl^n  and  an  elevation  of  double  doors  that  are  easily  opened 
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and  closed  by  a  lever  a  connected  by  reach  rods  b  and  c  with 
two  bell-cranks  d  fastened  to  shaft  e.  To  this  shaft  the 
hinges  of  the  doors  /  are  keyed,  as  shown  in  the  plan, 
Fig.  46  (b).  The  ends  of  the  bell-crank  d  are  prolonged 
and  counterbalanced  by  the  weights^.  It  will  be  noticed 
that  the  shafts  e  extend  across  the  opening,  and  that  there 
are  four  weights  and  four  bell-cranks.     When  it  is  desired 
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to  open  the  doors,  the  lever  a  is  pulled  backwards,  and  th^  " 
throws  the  bell-cranks  with  their  balances,  as  shown  at  ^^ 
thereby  opening  the  doors,  as  shown  by  the  dotted  lines  ^ 
These  doors  are  supplied  with  rails  for  the  landing  car  iC^ 
cross,  and  they  rest   on   heavy   longitudinal  beams  k  tha^^ 
pass  over  the  opening. 

62.     Buckets. — The  buckets  used  most  for  sinking  pur^ 
poses  are  made  of  iron,  and  are  capable  of  holding  froin^ 
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[2  cubic  feet,  or  i  to  1  Ion  of  rock.  Buckets  sitnilar  to 
showii  in  Fig,  47  are  made  from  16  to  28  inches  in 
fter  at  the  top,  from  14  to  28  inches  at  the  bottom, 
in  height  from  26  to  38  inches.  The  weight,  of 
Pepends  on  the  size,  and  is  from  180  to  470  pounds, 
cost  is  usually  from  $18  to  $50,  the  price  for  such 
It  10  cents  per  pound.  The  bail  a  is  attached 
of  gravity  of  the  bucket,  so  that  the  tend- 
the  bucket  is  to  turn  upside  down;  this,  however, 
fcTCnted  by  a  link  on  the  bail,  which  slips  over  a  short 
Iveted  to  the  bucket,  as  shown.  One  pin  and  link,  how- 
is  not  enough   for  heavy   buckets,  and  there  should 

Ineket    Ulders. — -As   the   tendency  of  buckets  to 

:  and  of  ropes  to  twist  increases  with  the  depth  of  the 
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a  good  plan,  in  order  lo  make  the  bucket  travel 
to  use  guide  ropes  when  hoisting  from  deep 
Fig*  47  shows  the  arrangement  of  guide  ropes  r, 
fhcn  so  used,  are  suspended  from  the  head-frame 
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• 
over  pulleys  and  fastened  to  the  floor  at  the  lower  end  of 
the  shaft  by  means  of  iron  rings.     At  the  end  of  the  rope 
passing  over  the  pulleys,  heavy  weights  are  suspended  to 
take  up  all  slack  and  make  the  ropes  taut.     The  bail  b  of  the 
bucket  Cis  fastened  to  a  rope,  which  is  held  central  by  the 
crosshead  d.     The  crosshead  is  supplied  with  arms,  or  riders, 
and  may  be  stopped  wherever  desired  in  descending,  and 
thus  kept  out  of  the  way  of  the  loaders.     When  the  cross- 
head  is  stopped,  the  bucket  may  continue  its  descent,  as  the 
hoisting  rope  passes  through  the  crosshead  of  the  rider;  but 
on  its  upward  flight,  the  bucket  picks  up  the  rider  by  the 
piece  of  iron  attached  to  the  rope  socket,  and  is  thus  kept 
from  swinging.     The  bucket  is  kept  upright  by  the  rings  and 
pins  g, 

64.  DumpiujjT  Buckets. — If  a  raised  platform  is  used 
for  a  landing,  the  contents  of  sinking  buckets  can  bedumpe<3 
over  the  side  of  the  shaft,  either  on  the  ground  or  into 
rock  cars.  A  bucket  can  be  dumped  over  the  side  of  the 
head-frame  by  means  of  a  short  rope  suspended  from  the 
top  of  the  head-frame  and  having  a  hook  that  is  coupled  by 
the  topman  to  a  ring  in  the  bottom  of  the  bucket.  When 
the  hoisting  rope  is  lowered,  the  bucket  is  prevented  from 
descending  by  the  hook  and  rope  attached  to  it  and  turns 
upside  down,  at  the  same  time  swinging  clear  of  the  landini^ 
and  thus  dumping  over  the  side. 

When  a  short  rope  is  used,  the  buckets  have  their  bails 
fastened  to  the  top;  hence,  their  center  of  gravity  is  fl^t 
below  the  bail  fastening,  and  they  can  be  dumped  by  lower* 
ing  them  and  at  the  same  time  swinging  them  away  fro^ 
the  shaft  opening.  With  similar  buckets,  the  topman  caO 
push  them  until  they  strike  a  rail,  and  then,  as  the  rop^ 
slacks,  they  will  upset.  This  latter  method  requires  ffior^ 
manual  labor,  but  is  preferred  by  some,  since  the  dumpsm^ 
is  ob]i<::ed  to  close  the  door  over  the  shaft  before  dumping 
the  bucket. 

Buckets  with  their  bails  hung  below  the  center  of  gravity 
could  be  dumped  over  the  side  of  the  landing,  but  it  is  inoi^ 
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leral  to  use  such  buckets  where  the  rock  cars  are  tun 
rf  tile  shaft;  in  fact,  there  is  little  excuse  for  their  employ- 
I  in  any  other  situation.     Fig,  48  shows  the  plan  of  a 
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log  wilh  tracks  crossin«^  over  the  shaft*  Doors  are 
&d  in  between  the  tracks,  to  prevent  the  material  dumped 
I  falling  down  the  shaft*  Fig,  40  shows  a  side  elevation 
bead-frame,  with  a  bucket,  a  rock  car  ^,  and  a  hand  rail  /, 

B,  Bliuft  Coverlnifs. — In  sinking  operations,  doors 
^  of  planks  that  will  support  the  weight  of  at  least  three 

should  always  be  placed  on  the  landing,  and  the  landing 
f  should  be  covered  with  stout  I'^-inch  planks  resting  on 

ble  6oorbearas  so  as  to  make  a  firm  floor.  It  is  not 
^Ssary  to  board  up  all  around  the  landing,  but  the  pre- 
ions  should  be  such  that  nothing  can  fall  down  the  shaft* 
fe  must  be  openings  left  for  air^  but'  they  should  be 
&r  the  platform,  since  the  doors  must  often  be  kept 
ed,  except  when  hoistings  and  the  platform  at  all  times 
t  be  kept  clean  and  free  from  loose  pieces  of  rock. 
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REMOVING  WATER  FROM  SHAFTS 
66*  Slnktnuf  Ftttniis, — In  shaft  sinkingi  the  shaft  niaj 
possibly  be  kept  clear  of  water  by  batUngf  it  into  the  ore 
bucket,  but  in  most  cases  this  method  will  not  meel  tk 
requirements,  and  special  arrangements  must  be  providetl. 
Sinking  pumps  are  made  portable^  so  that  they  can  Ijc 
lowered  and  raised,  and  are  supplied  with  eyebolts,  so  thai 
they  may  be  suspended  from  a  wire  rope.  Since  the  pump* 
must  support  the  weight  o!  the  water  and  be  steadied  while 
at  w^ork,  they  are  also  provided  with  wrought^iron  hooks  for 
attachment  to  the  shaft  ttmberSi  as  shown  in  Fig,  60.  fi 

there  is  any  danger  i 
n^'  -4?  of  flying  rocks frora 

a    blast   hitting  the 
pumps,    they   must , 
be    uncoupled  from 
the  column  pipe  and  I 
raised  to  a  place  d  | 
safety-     As  this  re* 
quires    considerable 
time,  it  is  custoitiary. 
wherever  possibles' 
to  shield  the  pumpl 
with  a  battery  tnaiMJ 
of  timbers  or  a  rop 
mat,  which  is  aot<3iH 
ficnit  to  accompttsH^ 
if  mats  are  used  tt«  i 
blast  against.    Thcl 
tail-pipe  of  the  pnmm 
must   be  raised  bc^ 
fore  each  blast,  w 
if  long,   should  be   disconnected   from    the   pump.     If  ihd 
column  pipe  is  long  and  is  disconnected  from  the  pump*  jJ 
the  water  it  contains,  unless  it  has  a  check- valve,  will  flo^ 
back  into  the  sump.     At  times,  however,  the  pump  must  ■ 
disconnected  from  the  water  and  steam  pipes,  as  the  stnkii: 


Fig.  60 
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PTogresses,  and  placed  at  a  lower  levels  thus  making  it 
necessary  to  add  to  the  length  of  the  column  pipe,  and  to 
;>rovide  a  water  gate  in  the  pipe  in  order  to  prevent  the 
rater  contained  therein  from  escaping  into  the  shaft* 

67*  Water  Hlnf^s.^ — When  water-bearing  strata  are 
penetrated  and  the  water  cannot  be  dammed  off,  a  water 
ring,  such  as  that  shown 
in  Fig-  51,  may  be  made 
^y  widening  out  the 
shaft  at  a  and  then  con- 
l^racting  it  at  by  From 
jtJiis  ring,  the  water  may 

[be  cQudacted  to  the  sump    y     -^^//^  ^j 

lielow  or  to  tanks*     In 
tse  there  is  considerable 
^ater  collected   in   this 
Way,  a  tank  hung  in  the  ^haft,   in  connection   with  water 
bac^kets,  may  be  used  to  advantage. 

^8*     Wiiter  lliiekets  for  §liik!ii|?. — Fig.  52  {a)  shows 

ib^    side  elevation  of  a  collecting  tankj  with  buckets  b  in 

feotion  and  elevation  above.     Fig,  52  {b)  shows  an  end 

elevation  of  the  tank  and  a  section  through  the  buckets. 

^^^  tank  is  suspended  from  crab  winches  at  the  surface  by 

^^e  ropes,  which  pass  beneath  the  tank  in  grooved  pulley 

meels  c*     This  arrangement  permits  the  tank  to  be  lowered 

as  siiiigjjjg  progresses  or  raised  when  blasting  is  carried  on. 

*®  ropes  that  support  the  tank  are  guides  for  the  bucket 

^^s,Hhead  rf»  hence  they  run  true  and  enter  the  tank  in  thetr 

^<^Wtiv^tard  flight*     The  bottoms  of  the  buckets  are  supplied 

*^  Valves  tt  which  open  upwards  when  lowered  into  the 

'^ler,  and   close    from  the  weight  of  water  when  raised. 

\^  the  valves   are   attached  reach  rods  r*  which  are  also 

P^^^oi^d  0|  0j|g  end  to  levers  L    When  the  bucket  reaches 

|inc  ^tirface,  the  levers  /  strike  against  suitable  stationary 

^**XJcts,  which  cause  them   to  lift  the  reach  rods*  and  the 

jtatyes   consequently    discharge    the    water    automatically. 

I  •*^utiiig  engines  axe  used  for  raising  the  water  buckets, 
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and  in  deep  shaft  sinking,  this  system  is  very  effective; 
besides,  it  possesses  an  advantage  over  large  sinking  pumps 
in  not  having  to  deal  with  pump  pipes. 

69.  liOdginents. — As  a  rule,  the  water  met  with  in 
sinking  comes  from  various  horizons  that  are  water-bearing: 
or  are  fissured  formations.  If  the  strata  below  such  forma- 
tions are  not  fissured,  it  may  be  possible,  by  means  of 
lodgments,  or  sumps,  to  hold  the  water  at  this  point  and 
prevent  it  from  going  to  the  bottom  of  the  shaft.  In  deep 
shafts,  this  method  is  important,  since  water  nearly  always 
interferes  with  the  work  of  sinking.  Fig.  53  shows  a  lodg- 
ment a  from  which  the  water  is  drawn  off  to  a  pump  sump 
situated  on  level  b.  The  lodgment  is  made  water-tight  with 
bricks  and  cement  mortar,  but  can  be  entered  if  necessary 
through  the  opening  c. 

SHAFT  LININGS 


MASONRY  SHAFT  lilNINGS 

70.  Concrete  Liinings. — The  timber  in  shafts  gener- 
ally has  to  be  replaced  from  time  to  time,  and  besides  this 
is  liable  to  catch  fire;  consequently,  where  a  shaft  is  to  be 
used  for  a  number  of  years,  it  is  considered  good  practice 
to  make  the  lining  of  masonry.  As  most  of  the  shafts  in 
the  United  States  are  rectangular  and  masonry  is  not  suited 
to  that  shape,  it  has  not  been  customary  to  use  such  linings; 
however,  since  concrete  makes  an  effective  and  durable 
lining  in  some  instances,  it  is  rapidly  coming  into  use  for 
that  purpose. 

71.  Concrete-Block  liining. — If  arrangements  arc 
made  to  drain  the  water  that  accumulates  back,  of  a  lining 
and  thus  creates  a  heavy  pressure,  cement  blocks  may  be 
used  for  shaft  linings.  For  this  purpose,  in  water-bearing 
strata,  drain  pipes  with  cast-iron  water  rings  at  intervals  of 
about  20  feet  are  placed  back  of  the  lining.  Fig.  54  shows 
a  lining  of  cement  blocks  a,  which  are  made  with  a  groove  I 
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the  under  side  and  a  ridge  c  on  the  tipper  side.     These 

>ores  and  ridges  correspond  with  mortises  and  tenons  in 

iber,  and  are  so  arranged  that  the  adjacent  blocks  will  lit 

^ether  as  they  are  put  in  place.     The  blocks,  which  are  of 

je  size  and  weigh  nearly  a  ton,  are  made  at  the  surface. 

lowed  to  harden »  and  are  lowered  into 

shaft  as  needed.     Cement  mortar  is 

^read  over  the  top  of  a  block  jnst 

^{ore  ihe  next  one  is  put  in  place,  and 

IS    forms   a   practically   solid   and 

iterproof  liningf  that  becomes  stronger 

ith  age. 

[The  curb  d  for  carrying  the  water  can 
tnade  of  either  cast  iron  orwoodi  or 
ireti  a  cement  block  with  an  iron  drain 
^pe  can  be  used.     In  the  illustration, 

(flatt  cast-iron  curb  is  shown,  having  a 
pilow  €  through  which  water  is  drained 
&ro  the  pipe  /  to  the  pipe  g.  The 
pe  /can  be  packed  all  around  with  fine, 
loose,  broken  stone,  which  will  thor- 
Ighly  fill  the  space  between  the  rock 
the  lining,  and  yet  furnish  inter- 
nees through  which  the  water  can  drain  ^^^'  *"* 

Ul  holes  in  the  pipe.     Another  method  that  could  be 

>yed  in  case  there  was  only  a  small  amount  of  water 

>ald  be  to  drill  holes  into  the  side  walls  for  nipple  pipes  h^ 

\A  after  the  nipples  were  screwed  into  pipe  /,  make  the  con- 

£te  solid  between  the  blocks  and  the  rocks.     The  curb  d  is 

!e  in  sections  and  is  connected  with  drain  pipes  g  so  that 

water  will  flow  to  the  nearest  sump. 


\-if 


72.  Kximn (led -Metal  and  Concrete  JilDlii^B,^ — Con- 
crete  blocks  are  sometimes  made  with  a  thin  piece  of 
imped  metal  placed  in  them^  which  acts  as  a  binder  and 
Iffener.  A  nnm  ber  of  shafts  in  Pennsylvania  have  been 
iinetl  with  concrete  made  of  one  part  of  cement,  t%vo  parts 
sand,  and  five  parts  of  broken  stone  not  greater  than 
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1  inch  in  diameter.  The  shaft  about  to  be  described  was 
originally  timbered  with  an  inner  and  an  outer  plank  lining, 
the  space  between  the  planks  being  puddled  as  shown  in 
Fig.  31.  The  inner  lining  and  the  puddled  clay  were  removed, 
but  the  other  lining  was  kept  in  place  in  order  to  hold  back 
the  loose  walls.  This  caused  a  variation  in  the  concrete 
lining,  amounting  in  some  cases  to  22  inches,  so  that  the 


Fig.  55 

thickness  of  the  concrete  varied  from  8  to  30  inches.  Whco 
a  section  of  old  liningr  and  puddled  clay  had  been  removed, 
a  box  braced  as  shown  in  Fig.  55  was  substituted.  Between 
the  old  outer  lining  and  the  planks  of  the  box,  the  concrete 
was  rammed  and  allowed  to  set.  The  work  of  relining 
was  commenced  at  the  bottom  of  the  shaft  and  carried 
upwards,  the  buntons  being  taken  out  and  replaced  by 
concrete,  as  shown  in  Fig.  56. 
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'i  the  partitions  between  the  cornpartments  are  not 
ley  are  continuous,  as  may  be  seen  in  Figf.  57.  which 
tional  elevation  of  the  shaft.     The  oval  openings  are 
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^■e  purpose  of  examining  the  cag^e  guides  and  per* 

'^e  air  to  circulate  when  the  cages  are  moving, 
ncrete  is  stiffened  by  ^^-inch  rods  k^  which  are  bent 
irp  angles  at  intervals, 
r  to  permit  the  cement 
in  a  better  binding  than 
be  fiossible  if  the  rods 
raight, 

expanded  metal ^  which 
;sented  by  doited  lines 
outside  of  the  concrete, 
>  is  made  in  she(?ts  from 
feet  wide  aud  A  inch 
It  is  merely  corrugated 
iron,  which  acts  as  a 
and  stiff ener  for  the 
e.  When  cement  sets, 
■actSj  and  the  corruga- 
\  the  metal  permit  the  iron  to  contract  in  one  place 
gthcn  in  another  without  injuring  the  cement. 

lo  Ktchmoiid  Bli»fi  TJn!u|i^» — Fig>  dB  shows  a 
\h^  a  side  elevation,  and  Fig.  60  an  end  etevacioii 


"" H-- 
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Fig.  57 
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of  the  concrete  lining  and  false  work  of  the  Richmond  shaft, 
near  Scranton,  Pennsylvania.  Other  illustrations  of  this 
shaft  were  given  in  Figs.  8  and  9.  In  putting  in  the  con- 
crete a^  the  false  work  was  built  up  from  below  and  was 
braced  as  shown.  The  posts  by  with  their  12"  X  12"  ties, 
the  end  plates  c\  and  the  wall  plates  d^  belong  to  the  sinking 
set.  The  false  set  was  erected  inside  the  sinking  set  with  end 
plates,  wall  plates  and  the  girts  ^,  parallel  to  those  of  the  sink- 
ing set.  The  false  set  was  lined  with  hemlock  planks  e,  to 
retain  the  concrete,  and  was  braced  at  ends  by  the  diagonals/. 
The  mixture  of  concrete  used  was  Portland  cement,  one  part; 
sand,  two  and  one-half  parts;  and  broken  stone,  five  parts. 
This  was  tamped  between  the  outer  and  the  inner  linings  up 
ft  d  ft        ^ 


to  the  bun  ton  ^,  next  above,  and  alloweS  to  set  over  night. 
Before  putting  in  the  next  section,  the  buntons  were  removed, 
and  struts  were  placed  against  the  sheathing  of  the  false  work, 
thus  leaving  no  wood  embedded  in  the  concrete, 

T  rails  h  were  embedded  to  reinforce  the  concrete,  and 
were  anchored  to  the  side  and  end  plates  by  the  combined 
anchor  bolts  and  straps  /.  An  enlarged  view  of  these 
anchors,  which  were  placed  6  feet  apart  vertically  and  hori- 
zontally, is  given  in  Fig.  61.  Cast-iron  bun  ton  channels /i 
with  interlocking  ends,  were  also  embedded  in  the  concrete. 


PRELIMINARY  OPERATIONS 


73 


channels  and  bun  tons  are  distmctly  shown  in  Fig.  59, 
h  is  the  completed  horizootal  section  of  this  shaft*  At 
^oint  where  the  cribhing  was  forced  in  during  sinking 
utions,  the  rails  were 
^  verticaHsr  for  a  diss- 

o(  20  feet,   and    wire 

S    feet    apart    were 
td  horizontally  between 


ter  was  very  trouble- 
^  while  putting  in   this 
ete,  but  was  taken  care 
usingr  six  3*inch  pipes 
ig  l*inch  holes  in  them 
Y  3  inches.    These  pipes 
\  placed  in  the  con  ere  te, 
^^^  at  the  bottom « where 
^fki  an  elbow  and  nip- 
hat  passed  through  the 
Ihing  and  emptied  into 
haft*     It  was  found  at 
that  two  of  these  pipes 
time  were  sufficient  to 
the    water   from    the 
of   the   shaft ♦  and,  by 
i&  of  trough s»  the  water 
collected    at    the    side 
£  work  wan  going  on 
led  into   the  upper 
two   of  the  pipes. 


■M 


y:^^^ 


&>' 


iS^^Sii 


te  pipes  were  continued  up  to  a  short  distance  from  the 
f  the  shaft,  and  as  they  were  no  longer  needed,  were 
with  cement  grout. 

.  Itrlc'k  Shnft  Lltilriisrf;, — In  EuropCi  brick  masonry 
d  quite  eKtensively  for  shaft  linings;  in  fact*  the  shafts 
Fude  circular  or  oval  in  horizontal  section  in  order  to 
jfick  fnr  lirtiog.     Brick  masonry  in  rectangular  shafts 
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would  resist  but  little  pressure,  but  where  the  sides  of  the 
excavation  are  arched,  as  shown  in  Figs.  62  and  63,  the 
brickwork  will  offer  considerable  resistance  to  pressure. 
It  will  be  noticed  in  Fig.  62  that  only  6  inches  of  the  area  on 


Fig.  60 

each  side  of  the  cage  is  wasted.  This  form  is  being  adopted 
for  concrete  linings  in  Pennsylvania  coal  mines.  The  form 
shown  in  Fig.  63  furnishes  a  larger  airway  than  that  shown 
in  Fig.  62,  or  can,  as  shown,  furnish  two  small  compartments 
and  be  amply  strong  to  resist  pressure  by 
its  arched  sides.  Fig.  64  represents  a  cir- 
cular shaft  lined  with  brick.  The  curb  i 
on  which  the  brickwork  rests  is  made 
of  wooden  or  cast-iron  segments.  The 
method  of  laying  the  brick  is  to  cut  a 
ledge  in  the  solid  rock  /?,  and  then  build  the  lining  to  the 
surface-^.  When  the  lower  section  of  brickwork  approaches 
a  curb  above,  the  rock  D  is  gradually  cut  away  until  the 
brickwork  is  built  close  to  the  curb. 

75.  Shaft  Seaffoiaiiip:. — Since  sinking  is  carried  on 
during  the  operation  of  walling,  a  scaffolding  on  which 
the  masons  stand  is  hun^  in  the  shaft.  Fig.  65  illustrates 
Ihe  scaffold  used  at  a  colliery  in  the  British  Isles.    The 


Fig.  (ll 
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platform  a  is  suspended  from  the  top  of  the  shaft  by  the  wire 
ropes  b,  and  consists  of  steel  angle  bars  and  a  plank  floor. 
The  angle  bars  are  4  in.  X  4  in.  X  i  in.  in  size,  are  curved  to 
the  diameter  of  the  shaft,  and  rest  on  5"  X  5"  X  I''  steel 
angle  bars,  which  are  virtually  the  floorbeams.  Upright 
angle  bars  c  are  bolted  to  the  floorbeams,  and  braces  d  act 
as  stiffeners,  being  bolted  at  one  end  to  the  floorbeams  and 
at  the  other  end  to  the  uprights  c.  The  platform  is  sur- 
rounded by  a  sheet-iron  railing,  to  prevent  bricks  or  tools 

from  being  accidentJy 
knocked  oft  the  plat- 
form on  to  the  heads 
of  the  men  at  work 
below,  and  a  hood^ 
is  also  placed  above 
the  platform,  to  pro- 
tect the  masons  from 
falling  objects.  The 
JS^I  scaffolding  is  sus- 
pended by  means  of 
ropes,  which  pass  half 
way  around  the  pul- 
ley wheels  /  and  are 
woimd  on  the  drums 
of  crab  winches  at 
the  surface,  thus 
affording  a  means  for 
raising  and  lowerios: 
the  platform. 

There  is  an  open- 
ing g  in  the  center  of 
Fig.  65  the  platform  through 

which  the  rock  bucket  //  and  the  water  barrel  i  pass,  leaving 
the  rider/  at  the  hood.  The  mortar  and  bricks  are  lowered 
to  the  masons  by  the  bucket  /'.  It  will  be  noticed  that  the 
curb  /  is  constructed  so  as  to  form  a  combined  curb  and  water 
ring,  thus  keeping  the  water  from  splashing  on  the  sinkers 
and  directing  it  to  the  water-barrel  tank. 
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METAI.  SHAFT  LININGS 

76.  steel  Shaft  Liining:. — The  objection  to  iron  or 
steel  supports  in  most  shafts  is  that  they  are  easily  corroded 
by  acid  water.  A  shaft  in  one  of  the  mines  near  Ely,  Min- 
nesota, in  which  the  water  is  not  acid,  is  lined  with  steel. 
The  frames  used  are  rectangular,  as  ^own  in   Fig.  66  (a) 

and  (d),  and  have  side  plates  a  and 
end  plates  d  that  are  made  of  T 
rails,  those  for  the  former  weighing 
30  pounds  and  for  the  latter  25 
pounds  to  the  yard.  The  buntons  c 
that  divide  the  shaft  into  three  com- 
partments are  3-inch  I  beams,  and 
weigh  7i  pounds  per  foot.  These 
buntons  are  riveted  at  their  ends  to 
angle  irons  d,  and  the  latter  to  the 
side  plates. 

The    sets  are  suspended   in  the 
^'^-  ^'"  shaft  by  hangers,  which  are  pieces 

of  iron  bent  into  the  form  of  a  hook  at  each  end,  as  shown 
in  Fig.  67.  The  upper  end  is  hooked  over  the  plates  of  the 
set  above,  while  the  lower  hook  holds  the  plates  below  in 
place.  The  weight  of  the  lining  is  taken 
lip  at  intervals  by  cutting  hitches  in  the 
rock  and  inserting  rail  bearers. 

The  methods  of  joining  the  corners  of 
the  sets  is  shown  in  Fig.  68,  where  w  is 
the  wall  plate;  c\  the  end  plate;  and  Sy  the 
stmUlle.  The  end  and  wall  plates  are 
nvelcd  to  an  angle  iron,  while  the  web 
vi  the  studdle  is  slotted  at  each  end  to  Pio.  a 

irvrivc  the  flanges  of  the  wall  plates,  as  shown  in  Fig,  67. 
No  lagging  is  used  except  where  the  strata  demand  it,  and 
\\\v\\  old  wire  ropes  woven  with  wooden  laths  or  corrugated 
nhrrl  won  are  employed.  It  is  probable  th^t  such  shaft  sup- 
|H»its  embedded  in  concrete  could  be  employed  to  advantage 
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places  that  have  acid  water»  for  the  cement  would  protect 
le  supports  and  the  supports  would  stiffen  the  concrete. 

T7.  Iron  Tubbing* — Where  the  pressure  of  water  is 
&at,  and  loo^  lengths  of  brick  linings  would  not  be  able 
lo  support  the  pressure,  cast-iron  segments  that  will  form 
rings  when  joined  together  are  employed  in  Great  Britain, 
kt  one  time,  solid  rings  were  used,  but  the  difficulty  of 
retting  them  into  position  and  their  liability  to  break  caused 
them  to  be  abandoned  for  segments.  The  flanges  of  the 
legments  are  placed  away  from  the  center  of  the  pit  in 
Eny^land*  and  toward  the  center  of  the  pit  on  the  Continent. 
to  EnglaJidj  it  was  found  that  flanges  bolted  together  could 
lot  be  depended  on;  hence,  the  flanges  were  turned  around 
id  wooden  wedges  used  to  fasten  the  segments  in  place. 

78,     Casi-lroii  Water  Curbs* — ^To  place  tubbing*  it  is 
irst  necessary  to  make  an  even  foundation  for  the  water 
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to  rest  on.  Formerly,  the  practice  was  to  use  oak 
rbs,  but  they  have  been  abandoned  lor  cast-iron  curbs 
iches  wide  by  6  inches  deep,  and  made  in  segments p  as 
m  in  Fig.  69.  The  segments  are  set  in  position  on  a 
bed  of  cement,  and  i-fnch  pieces  of  wood  are  placed  between 
the  joinis  in  such  a  manner  that  the  end  of  the  grain  of  the 
is  presented  to  the   inner  part  of  the   shaft  where 
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wedging  takes  place.  All  around  the  curb,  in  the  space 
between  it  and  the  sides  of  the  shaft,  is  placed  seasoned 
timber,  free  from  knots,  with  the  grain  pointing  upwards. 
As  many  well-seasoned  finely  tapered  pitch-pine  wedges  as 
possible  are  then  driven  in  between  these  sticks,  care  being 
taken  to  drive  these  wedges  at  various  points,  so  as  to 
evenly  distribute  the  pressure  and  prevent  any  displacement 
of  the  segments.  When  no  more  wedges  can  be  driven, 
chisels  are  used  to  make  spaces,  and  wedges  are  then  driven 
into  these  spaces.  After  one  curb  has  been  put  in  place,  it 
is  usually  followed  by  another,  and  then  a  third.  It  will  be 
noticed  that  there  is  a  hole  a  in  the  curb  into  which  a  cast- 
iron  pipe  is  screwed,  and  that  this  hole  is  carried  upwards 
back  of  the  lining  for  the  purpose  of  draining  off  water  and 
relieving  the  pressure. 

79.     Tubbing    Plates. — Tubbing   plates,   as   shown  in 
Fig.  70,  are  cast  in  sections  2  feet  high  and  about  4  feet 


Fig.  70 

long.  Each  segment  is  strengthened  by  ribs  that  meet  io 
the  center  and  by  brackets  at  the  edges,  and  each  plate  has 
a  hole  b  in  its  center,  to  allow  water  to  pass  through  while 
the  operation  of  laying  the  plates  is  proceeding.  The 
spaces  a  are  formed  by  the  flanges  c  on  the  horizontal  joints 
and  the  flanges  d  on  the  vertical  joints,  and  in  them  arc 
placed  dried  pieces  of  wood  having  the  ends  of  the  grain 
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pointing  toward  the  center  of  the  shaft.     In  Fig.  70  {a)  is  a 
vertical  section  and  (d)  is  a  perspective  view  of  a  segment. 

80.  Wedging  Tubbing  Rings. — The  first  layer  of 
tubbing  plates  is  placed  on  the  curb,  and  the  vertical  and 
horizontal  spaces  are  filled  with  the  wood  already  mentioned. 
Wedges  are  next  driven  down  between  the  rock  and  the 
segments,  so  as  to  prevent  the  latter  from  moving.  A 
second  layer  of  segments  is  then  laid  on  the  first,  and  the 
process  repeated  as  far  up  as  the  lining  is  to  be  carried.  As 
the  tubbing  is  added  section  by  section,  the  space  between 
the  sides  of  the  excavation  and  the  tubbing  is  filled  in  with 
concrete  or  soil  packing.  All  the  horizontal  and  vertical 
joints  are  next  wedged  by  driving  wedges  into  the  wood 
between  them,  using  a  chisel  to  open  a  place  for  the  wedge 
to  enter.  When  no  more  wedges  can  be  driven  in,  and  the 
holes  b  are  plugged,  the  tubbing  will  be  quite  dry  and  the 
water  will  be  cased  off. 

81.     Calculating  the  Strength  of  Tubbing. — Gallo- 
way   ^ves  the  following  formula  for  calculating  the  thick- 
ness of  a  lining  required  to  resist  the  pressure  of  water  on 
^e  circumference  of  a  round  shaft. 
^^t     T  =  thickness  of  lining  required,  in  inches; 
D  =  internal  diameter  of  the  shaft,  in  inches; 
H  =  head  of  water,  in  inches; 
IV  =  weight  of  a  cubic  inch  of  water  .036  lb.; 
R  =  33i  per  cent,  of  the  coefficient  of  resistance  to 
crushing  per   square  inch  of   the    substance 
employed. 

Then,  T  =  — 1^^^^^- 

The  coefl&cients  of  resistance  to  crushing  must  be  ascer- 
tamed  by  actual  experiment  with  the  material  to  be  employed, 
vmt  the  following,  in  pounds  per  square  inch,  are  approxi- 

^*^:  Cast  iron,  80,000;  brick,  1,000;  cement,  3,000  to  5,000. 

"  »Xahfle. — What  thickness  of  cast-iron  tubbing  will  be  required 

totihaft  16  feet  in  diameter  and  having  a  600-foot  head  of  water? 
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Solution. — 


036  X  7,200  X  180 46,656 

2(26,400  -f  .036  X  7,200)  "  63,318 


a  .87.    Am. 


82.  Deepening:  Shafts. — When  a  shaft  is  to  be  deep- 
ened while  the  upper  part  is  in  use,  it  may  be  done  by 
leaving  a  piece  of  solid  ground  above  the  miners  as  a  pro- 
tection. If  this  protection  consisted  of  wooden  beams,  it 
would  be  called  a  peniice^  hence  the  term  pentice  shaft. 
Fig.  71  shows  a  piece  of  ground  a  left  under  the  hoisting 


Fig.  71 

compartment  b  of  a  shaft  that  is  being  deepened.  The 
excavation  c  is  supplied  with  a  bucket,  which  may  be  hoisted 
by  an  engine  located  on  the  level  d  or  at  the  surfacC' 
Eng:ines  for  such  locations,  if  placed  underground,  should 
be  run  by  air  or  electricity.  In  small  shafts,  a  crab  winch 
turned  by  men  will  generally  answer  for  raising  the  broken 
material.  After  the  required  depth  has  been  reached  and 
new  levels  are  started,  the  pentice  is  cut  away. 


method  of  deepening  shafts,  similar  to  the  one  shown  in 

*  72,  is  to  sink  an  incline  a  some  distance  away  from  the 
t,  coatinuing  natil  a  position  directly  under  the  shaft 
Cached*  A  carriage  b  is  then  arranged  to  run  on  this 
ine  between  €    , 
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^^ 


^t 


! 


% 


X. 


«/»  and  to  stop 
n  it   reaches   d.    ;•>  J, 

sinking    rope    ^\:V 
bucket  is  carried    i--^:^^^ 
he  cairiage,  and 
\  it  reaches  the 

rf,  the  bucket    Cj^^ 

into  the  shaft  i , 
sinking  rope  / 
t'orked    by    an 
ii«    at    the   sur-    ^ 
»  and  In  hoisting 

shaft  €,  raises 
backet   to  the    | 
age.    The   car-    ^         -1       i  U 

and   all   then  Fro.  72 

■^s  up  the  slope  until  the  level  is  reached,  when  the 
et  is  detached  and  carried  to  the  hoisting  shaft.  An 
ty  bucket  is  then  attached  to  the  carriage  and  lowered 
the  shaft  as  before. 

3,    Ltiiia^rs. — While   ladders   are   not  used  in  deep 

©s,  as  already  stated,  nevertheless  they  are  frequently 
Injed  in  small  or  shallow  ore  mines*     The  objections  to 

iftra  arise  from  the  difficulties  that  the  landing  platforms 

T  to  fire-fighting,  and  to  the  fact  that,  in  deep  mines,  the 

i  become  exhausted  in  climbing  them. 

'''hcnever  ladders  must  be  used,  care  should  be  taken  to 
that  they  are  strong  and  well  put  together.  The  ladders, 
'ossible,  shoukl   not  be  placed  vertical,  but  should  be 

tei  an  angle  not  leas  than  45^  nor  greater  than  70°.  The 
iog  !aw:ft  in  some  states  provide  that  such  ladders  shall 
have  an  inclination  steeper  than  60°,  and  that  proper 
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S,vs*tenift  of  Exi»loltatlon.— The  operation  of  taking 
i^t  of  the  groiiTid  is  termed  exploitation;  the  work  of 
station  is  mining.     To  arrange  a  mine  so  that  mining 

^e  carried   on    systematical ty   is    termed   development. 

&  are  two  ways  of  exploiting  mineral  deposits:  one  is 
Ipfen  work,  where  the  mining  is  done  in  the  open  air;  the 
*T  is  where  the  mining  \%  done  under  rock  cover.  These 
i^ms  are  modi  tied  almost  continually  by  the  introduction 
ttiachioes  or  methods  to  assist  in  mining.  Owing  to 
^^ral  deposits  being  in  the  form  of  beds,  or  veins^  that  are 

=^^tnal»  inclined*  or  vertical,  and  which  may  have  strong 
^eak  enclosing  wallsi  it  is  necessary  to  vary  each  sys- 

of  rniolng  to  meet  these  requirements^  The  different 
*^ties  o£  deposits  are  what  bring  into  prominence  the 
^tiuity,  experience*  and  edncation  of  the  mining  engineer^ 

^  which  his  ability  is  deterniined* 
^*5bably  no  industry  offers  so  many  varying  problems  or 
traces  so  wide  a  field  of  general  knowledge  as  mining. 
*  mine  is  a  separate  problem,  requiring  a  different  solu- 

even  from  an  adjoining  mine  io  the  same  field,  but  only 
^niculars*  so  that  exploitation  is  narrowed  down  to  where 

educated  mining  engineer  abreast  of  the  times  can  cope 
*tny  problem  arising. 

IM(7  '" 
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Competition  makes  it  necessary  for  the  successful  miner 
to .  know  the  latest  practice  in  exploitation  and  mining 
methods,  for  which  reason  it  is  not  necessary  for  him  to 
have  had  experience  in  every  class  of  deposit,  since  he  can 
adjust  his  method  to  suit  the  deposit. 

2.  Duty  of  tlie  Minings  Bn^neer. — Handling  material, 
working  men,  knowing  how  to  care  for  machinery,  and  how 
to  apply  the  cheapest  and  best  method  of  mining  form  the 
duty  of  the  mining  engineer.  This  is  no  light  matter  when 
the  property  under  exploitation  is  in  a  rough,  precipitous, 
mountainous  locality,  as  is  generally  the  case  in  precious- 
metal  mining.  The  prpperty  may  be  difficult  to  reach,  and 
remote  from  adequate  supplies  of  mining  materials  and  dupli- 
cate parts  of  mining  equipment;  therefore,  the  mining  eng:i- 
near  must  keep  in  reserve,  on  the  premises,  all  necessities, 
and  he  must  be  on  the  alert  to  meet  emergencies  that  may 
arise.  This  will  require  an  education  that  will  enable  him 
to  invent  and  adopt  means  to  meet  varying  conditions 
promptly  when  they  occur;  and  to  do  so  intelligently  and 
skilfully,  he  r.iust  keep  himself  thoroughly  informed,  as  far 
as  practicable  in  advance  of  actual  work,  as  to  the  physical 
features  and  changing  conditions  of  the  ground  and  mineral. 
This  often  demands  an  examination  of  the  mineral  exposed 
by  each  day's  labor.  Recent  practice  almost  compels  the 
mining  engineer  to  know  something  of  metallurgy,  partic- 
ularly when  working  large  precious-metal  mines,  where  ore 
is  graded  into  smelting,  amalgamating,  lixiviating,  and  con- 
centrating products,  which  are  treated  on  the  premises. 
Probably,  the  most  difficult  mining  proposition  for  an 
engineer  to  work  is  one  that  employs  about  forty  men, 
since  in  such  positions  the  engineer  must  be  mine  and  mill 
superintendent  and  assayer,  unless  the  mine  is  a  bonanza. 
At  large  mines,  he  will  have  assistants  and  can  then  give 
his  entire  attention  to  executive  measures  for  economical 
working. 
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Ids   of    Open-Work   Mines. — -Where    a   deposit 
'ly  vertical  or  highly  inclined*  as  in  Fig,  1,  mining 

Tied  on   from  the  surface  downwards,  until   the 

Jl  a  QverlapB  the  deposit  and  threatens  to  fall 

ravatioo.     This 

hen  the  weight 
ectinij  rock  ex* 
^nac]ty  and  will 
:h  kind  of  rock; 

there    arfe   any 

e  hanging  wall 

the  wall  must 

Dwn  or  mining 

underground. 

to  which  such 

is  limited  may 
tvcl;  that  is»  the  point  where  water  does  not  flow 
mrally.     Where  a  deposit  is  only  slightly  inclined, 

2,  that  portion  between  a  and  A  can   be  mined 

ork,  but  as  soon  as  it  goes  under  the  cdVer  c 
methods  must  be  adopted.     In  case  of  a  loose 

irt  coverj  this  may  be  removed,  say  to  d,  and 


Fm.  1 


Pro.  2 


the  excavation  between  a  and  A,  but  m  case 

(is  hard  rock,  underground  work  should  be  sub- 

t>r    stripping.     Where    the    ore    deposit    is    cov- 

a   layer   of    gravel  that  is   not   too   deep,   the 

sometimes  be  removed  and   the   entire  mass 
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Jersef  whose  outcrop  was  removed  because  it  was  cheap 

ming.     When   winter    arrived »  nsioing   ceased;   and    after 

he  snow  and  ice  had  melted  and  the  water  was  pumped 

ut  in  the    spring:,   mining   was   resumed.     Although   the 

Mging  walls  were  strong,  the  limit  at  which  they  would 

Itand  without  support  was  soon  reached  and  pillars  were 

left  at  a  and  ^  to  keep  up  the  roof,  thus  forming  a  series  of 

^tu  that  collected  water  and  had  to  be  drained  separately. 

ifWn  this  method  of  working  became  difficult,  so  that  drain- 

ge became  expensive,  and  rainy  days  stopped  work,  a  shafts 

ras  ^mk  and  underground  mining  carried  on.     The  present 

liimng  engineer  has  had  to  timber  and  lag  over  the  open 

ut  to  prevent  the  cold  of  winter  affecting  the   men  and 

tuing  things  in  the  mine  generally »  also  to  prevent  snow 
lice  sliding  into  the  mine  and  to  obtain  a  regular  system 
^i  ventiUtion*  While  there  was,  possibly,  some  excuse  for 
Dpoi-cut  workings  of  this  character  in  the  early  days  of 
tanal  transportation,  there  is  no  excuse  now,  even  if  a 
person  lacks  capital.  The  outcrop  of  a  deposit  of  this 
description  should  never  be  excavated,  since  surface  water 
nH  flow  into  the  mines;  and  that,  together  with  the  natural 

fiux  of  underground  water,  will,  at  times,  cause  trouble 
fcttd  probably  drown  out  the  mine. 


5-    Kxcejitlunal     Outcrop    Worklujrs. — -Fig*    4    is    a 

^ls*4cction  of  the  Caledonia  gold  mine  in  the  Black  Hills 

P^  South  Dakota.     It  Is  a  low-grade  body  of  ore  a  divided 

of  slate  d  and  porphyry  c.     The  discovery  of  the 

..,^  at  ti  and  was  worked  as  an  open  cut  until  the  slate  6 

*^^  iiUci  the  excavation.     Opeo^cut  mining  was  then  carried 

»it  r  until   the   dangerous   hanging   wall   compelled   its 

*l3andoament  and  then  a  cross*cut  tunnel  /  was  driven  to  cut 

he  veins.    Regular  stoping  was  then  carried  on,  in  both 

P'^^ns,  to  daylight,  as  shown*     All  surface  water  that  came 

No  the  mine  was  caught  and  carried  out  through  the  level  /; 

^nd  because  of  the  large  openingSi  it  was  possible  to  use  a 

irie  to  develop  the  mineral  below  and  hoist  it 

i-    The  water  that  collected  on  the  lower  levels 
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was  pumped  to  the  adit  level  /,     The  mass  of  ore  a  became 
^o  heavy  for  the  timbering  aad  eventually  felli  wrecking  lb& 

iber  setSi 

[There  is  danger  in  the  removal  of  a  mass  of  rock  that 

ids  on  a  base  that  is  broader  than  its  upper  portion*  or 

c,  like  the  letter  k\  while^  on  the  other  hand,  a  V-shaped 

5S  is  largely  supported  by  the  walls.     Many  ore  bodies 

lens-shaped;    that  is,  broader  at  the  center  than  above 

below,  and  in   these   masses  the  greater  expense  and 

iger  attend  the  removal  of  the  upper  portion. 

Btirfaee  Water,— When  the  outcrop  of  a  vein  has 
worked  by  open  cut,  a  series  of  ditches  should  be 
»vate4  about  the  opening  to  prevent,  as  far  as  possible, 
siurface  water  entering  the  mine.     It  is  never  policy  to 
>rk  a  mine  by  open  cut  below  the  natural  drainage  level 
^heti    the   mining   must   eventually   be   carried   on   under* 
roond*     If  the  vein  material   is  of  a  porous   nature,   the 
irlace  water  will  seep  into  the  mine,  whether  the  open  cut 
above  or  below  the  natural  drainage  level,  but  particularly 
the    latter   case.     This    requires    continual    expense    for 
imping,  which  increases  as  the  depth  of  the  mine  increase^*, 
ice  mare  power   is  required  to  hoist  water  from  a  deep 
It  than  from  a  shallow  one. 

[The  proper  method  to  pursue  is  to  sink  a  shaft  and  corn- 
ice 3  regular  system  of  underground  mining;  the  profits 
f  be  so  great  at  first  but  will  increase  as  the  work 
s;  besides,  this  method  is  in  the  nature  of  prospecting 
Hd  i^ves  an  idea  of  the  value  of  a  deposit,  and  the  ore  that 
tf  be  depended  on. 

7*     Oi*eii*C«t  Mtntn^. — ^The  Tilly  Foster  mine  In  New 
^ork  Slate  was  worked  as  an  open  cut  until  the  hanging 
ill  threatened  the  destruction  of  life  and  property  by  fre* 
3cnt    (nils  of  rock;   the  hanging  wall  also   exerted  such 
till   pressure  on  the  underground  workings  that  it  was 
ktixid  impossible  to  recover  much  of  the  deposit.    To  facili- 
a  portion  of  the  hanging  wall  was  blasted  down 
out;  the  mine  waa  then  continued  as  an  open  pit. 
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to  the  face  of  ore.  Fig,  6  shows  the  cross-section  of  such  a 
Jeposit  in  Virgmia,  in  whidi  a  is  the  ore  body  and  d  the 
feouniry  rock.  The  first  attack  was  made  through  the  cut  c 
Indt  when  the  stope  of  ore  d  was  removed,  another  cut  e  was 


^*-¥^:^^e^J 


.W?^. 


Pig.  « 

This  required  that  the  country  rock  should  be 
led  out  tn  order  to  bring  the  ore  out  on  grade  from 
lope  f .  The  oext  stope  required  a  tunnel  m  to  reach  the  ore 
iod  bring  it  out  on  grade  from  the  stope  ft.  It  will  be  seen 
Jmt  as  Uie  ore  is  worked  out,  the  tuune!s  become  longer  and 
>Dger  and  that  their  cost  will  detract  from  the  profits  to  be 
krived  from  the  ore,  and  hence  there  is  a  limit  to  their 


'  r  ^r 


-rui  ■'-,)»  •**,-*■!,.> 


/^'^^     4ifcSl 


length*     Pig.  7  shows  the  interior  of  such  a  mine,  where  the 
material  is  broke  a  from  the  bank  and  loaded  directly  into  the 
siT«^.     The  drainage  of  such  mines  is  not  difficult,  and  during 
weather  the  miners  work  in  rooms  made  in  the  ore  bank* 

&d  on  in  some  of 
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the  iroD'Ore  mines  of  Lake  Superior,  also  in  the  phospbit^l 
mines  of  Georgia;  but  in  the  latter  cases,  strippinsf  waj] 
necessary  before  the  ore  was  attacked, 

8.     Stripping  by  Hand.— In  some  sections,  where  ife 
deposit  lies  in  nearly  horizontal  beds  and  the  land  is  more  J 
valuable  Cor  agricultural  purposes  than  for  the  ore,  it  may  I 
worked,  as  shown  in   Fig*  8»  by  siripping.     The  soil  # 
thrown  back  so  as  to  uncover  the  hard  pan  b.     The  latter  is! 
then  loaded  into  wheelbarrows,  removed  to  the  pile  €  an<il 
dumped    until    sufficient   of    the   ore  deposit  d  has  been 
uijcovcred  to  take  out  a  good- sized  slice  by  blasting*     Thel 
soil  a  is  next  loaded  into  the  wheelbarrows  and  spread  owl 


fe^ 


r.^i^: 


Pig.  S 

the  hard  pan  c^  thus  leaving  the  ground  with  the  oi^  i-.iiu.. 
in   practically  the  same  condition  in  which  it  was  berar«| 
mining. 

In  order  to  carry  on  this  system  of  mininsj,  the  ott\ 
deposits  must  be  worth  sufficient  per  ton  to  pay  for  handliauj 
the  overburden.  With  labor  at  $1  per  day,  the  cost  of  picl^* 
ingt  shoveling^  wheeling,  dumping,  and  spreading  iDatenal| 
hy  hand  in  the  United  States  is  35  cents  per  cabic  rs>rf* 
With  carts  or  cars  this  inay  be  reduced  to  18  or  20  ccol«-j 
Taking  this  as  a  basis  with  any  other  price  for  labor,  thccort  j 
may  be  determined. 

ExAMPLK.— An  ore  deposit  worth  12.50  p«t  ton  ha*  sm  orcr^ordea 
ef  0  feet  of   bard-pan  sail;    when  a  cubic  yard  ol    the  ot^   '"'^ 


ORE  MINING 


11 


tons,  how  much  profit  will  there  be  in  minings  with  labor  for 
ippjng  at  $l/>0  per  day,  and  th@  cost  of  putting  the  ore  d»  the  crts 
\  ceatJi  per  toe  ? 

SottTTtON.-— When  the  cost  of  labor  is  |I,  the  cost  of  stripping 

SI  =  54  cu.  ft,  or  2  cu.  yd.  is  ♦tO  ct.;  hen<^e,  when  laboj  is  $1.50  per 

iVt  the  cojit  tA  stripping  is  75  cL     A  cubic  yard  of  ore  \^  3  x  *5  X  3  tt> 

nd  weighs  uhout  2.5  T,;  henoc?,  the  cost  of  stripping  frr  I  T,  will  be 

ct,«  an*!  the  total  cost  of  the  ore  on  the  cars  is  (iO  +  30  ^  90  ct. 

tr  T.    12.50  ^  ,90  =  $l.m}  per  T,  profit.     Ans. 

k9.     81  ripping    With    Stentn    BhoTele, — In   some 
Stances,  ore  deposits  are  stripped  of  their  overbtirdeo  by 
cam  shovels.    The  usual  method  in  such  instances  is  to  lay 
&cks  for  the  steam  shovel  to  move  on  and  then  other  tracks 
mongside  for  cars  that    the  shovel   loads  with  dirt-     The 
loaded  cars  are  then  hauled  away  and  dumped,  empty  cars 
i^bctng  substituted  so  tliat  little  time  may  be  lost.    The  steam 
dovcl  makes  a  cut  nearly  the  length  of  its  boom  on  each 
le  of  its  track  and  this  for  large  steam  shovels  with  26  feet 
>om&  is  about  50  feet.     The  largest  steanirshovel  buckets 
ive  a  capacity  of  3 J  cubic  yards,  and  are  listed  to  scoop 
between  1,500  and  4,000  cubic  yards  in  10  hours.     This 
Ighesi    duty,   however,   is   seldom   realized   on  account  of 
jppages  when  changing  cars;  and  the  largest  day's  work  on 
)rd  probably  is  3,2fK)  cubic  yards.     Fig.  9  shows  a  steam 
iovel  at  work  at  the  Oliver  iion  mine  in  the  Mesabi  Range 
m  the  northern  part  of  Minnesota, 

The  main  objection  to  the  use  of  steam  shovels   is  that 
>diey  take  out  a  slice  of  ore  about  18  feet  in  heigfht,  and  when 

tork  is  be^u  on  the  next  slice  the  track  approach  must  be 
wered  that  mttch,  making  the  cuts  or  approaches,  which 
are  from  500  lo  UOOiJ  feet  in  length,  longer  and  more 
expensive  each   time. 

I  The  work  of  the  steatn  shovel  can  be  increased  by  first 
laking  the  ore  banks  with  powder,  for  which  purpose  holes 
fciout  15  feet  d^ep,  15  feet  back  from  the  face,  and  15  feet 
part  are  put  doivn  by  drills  and  hammers.  After  this  is 
one»  a  charge  of  dynamite  is  shot  in  the  hole  to  form  a 
Ivity;  sometimes  this  dynamite  shooting  is  repeated*  after 
»bich  the  holes  are  charged  with  black  powder  and  fired. 
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liole^  are  put  down  parallel  to  the  face  to  keep  that 
rly  perpendicular*  The  cost  of  explosives  for  shaking 
^oand  is  placed  at  from  3  to  5  cents  per  loii  of  ore 
lened.     The  cost  of  putting^  ore  on  the  cars  by  steam 

e!  at  the  OhVer  mme  is  given  at  30  cents  per  ton.     The 

of  stripping  with  a  steam  shovel  varies  from  20  to 
©nl3  per  cubic  jrard^  the  latter  being  the  price  when  the 

pan  is  frozen  and  the  former  when  conditions  are 
Table*  It  will  be  noticed  that  hand  stripping  compares 
irably  in  cost  with  steam-shovel  stripping,  but  the  latter 
inch  rtukker  as  a  rule,  and  for  that  reason,  where  a  large 
>Qt  or  quick  work  is  desirable »  it  is  preferable* 


^^^JJ^^ 


Pro.  10 

Bleain-Blicivel  Mtiilngp — When  steam  shovels  are 

as  &oon  as  the  cover  has  been  removed*  the  ore  can 

ted  and  loaded  directly  on  to  broad-gauge  ears.    The 

^can  be  increased  by  additional  steam  shovels,  and 

a  inine  sends  out  J)20,CKX)  tons  of  ore  per  year  of 

V  ..^i^  days,  as  did  the  Oliver  mine,  it  is  at  the  rate  of 

daily.     Three  good  machines  will  do   this*  and 

rainy  days,  where,  on  the  other  hand,  it  would  take 

ith  pick  and  shovel  to  handle  the  same  material, 

it  down* 

I,  W  shows  a  steam -shovel  mine  with  high  benches 

tic  shovel  to  work  against*     This  is  not  desirable  and 
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i*\:v:iiMUH^  h;is  demonstrated  that  18  feet  is  the  most  suitable 
■»•  ;;':•:.  !\^r  .ibovo  ihat  the  ore  rolling  down  the  bank  against 
.  ■.;'  .-.;•.  ^ivos  irv»ubk\  and  slides  that  will  almost  cover  up  the 
:.■...^'^.■,^.o  :r..iy  oocur. 

r'u'  .\^>t   oi  ;i   iiood  steam  shovel  is  about  $8,000,  but 
\\V.i^:V.ov  -.:  is  policy  to  use  this  method  of  mining  even  in 


Fir,,  n 

,iu  li  1.iil:v-  iU-pi»siis  t)t  ore  as  are  found  in  the  Lake  Superior 
.i.'M  ou-  i*'i'.ii»iis  js  debatable,  s(Miie  even  claiming  that  when 
III.  ,[^\u\  w^mIv  ot  strippiii--  and  all  other  items  are  consid- 
,  ...[  iiu  liulm:.:  uattT.  it  is  cheaper  and  more  satisfactory i° 
\\w  K'lii.;  iim  to  wuik  by  under}:rround  methods. 

I  I.     riior^plmte  Miiiln&r. — Phosphate  deposits  in  Sooth 
i'rti\»hua.   llei»r^ia,   and   Florida  are  usually  below  alluvial 
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iits»  and  require  to  be  stripped.  There  are  some,  how- 
espectany  in  Floridat  that  are  below  water  leveli  and 
lined  by  traction  dredges,  or  by  floating  dredges  that  dig 
own  canals.  Figf.  11  shows  a  back-action  traction  dredge. 
stripping  has  been  done  by  an  ordinary  steam  shovel, 
he  traction  dredge  is  working  from  that  bench.  The 
rial  is  loaded  into  cars,  which  are  hanled  to  a  washer 
lumped,  but  at  some  plants  the  phosphate  pebbles  are 
ed  free  from  dirt  at  the  mine.  In  such  cases,  the  shovel 
gra  the  material  to  a  hopper  and  the  refuse  flows  back 
lie  cut  nlade*  This  latter  method  is  advisable,  since  it 
t  economical  to  haul  worthless  material  and  then  have 
pose  ol  it  afterwards*  The  last  remark  applies  to  every 
of  mining;  viz..  that  the  place  to  sort  ore  is  where  it  is 
rated,  even  in  precious-metal  mining  where  high  values 
til  and  expert  sorting  must  be  practiced  in  daylight. 
Ironing  should  be  done  at  the  mine,  and  not  at  some 
11  point.  

EXPI^OITATION  BY  MILLLNG 

,  Introdtiettoii« — The  term  fnili  in  mining  may  be 
kI  as  an  auxiliary  shaft  sunk  or  raised  within  the  mine 
t  often  verticaU  but,  if  conditions  require,  at  a  slight 
tation  from  the  perpendicular)  to  connect  a  working 
above  with  a  level  lielow.  In  precious-metal  mining, 
y  conveniently  and  economically  expedites  underground 
►iting»  not  only  as  a  mill  hole  for  passing  excavated 
rial  into  mine  cars»  but  as  a  temporary  storage  bin  for 
\T  barren  rock  until  other  work  in  progress  permits  its 
ivaL  Such  openings  are  often  supplied  with  ladders  to 
xm  the  distance  between  the  working  places,  and  thus 
me  man  ways,  up  and  down  which  men  travel.  Mill 
i  oflfer  such  advantages  for  loading  ore  into  cars  that  it 
t)een  found  destrable,  in  cases,  to  place  them  at  conve- 
[  distances  (80  feet  apart).  When  supplied  with  trap 
B|  mill  holes  can  be  made  to  regulate  the  mine  ventilation. 
1111  UK  !!>  mining  ore  and  passing  it  down  a  mill  into 
Preliminary  to  such  work,  stripping  may  be  required 


li 


mn  MINING 


If  tbe  deposits  are  of  lar^fe  area,  like  the  Mesabi  Iron  ore,  • 
railroad  cuts  and  limnels  may  be  needed  whec  ore  Is  to  h^ 
loaded  directly  mto   the  cars.     By   another   method,  sbafi 
may  be  sunk  at   the  ed^es  o£  the  depusit   in  the  couQtry 
rock,  ai]d  drifts  excavated  in  the  ore  from  which  risers 
driven  to  the  surface,  or  to  the  level  above.     The  opportiuiij 
ties  for  combining  other  methods  of  mlDing  with  mOUn^  i 
numerous  and  it  is  not  unusual  for  the  mining  engineer  td 
use  them  to  advantage. 


LV^ 


J^'^ 


i^ 
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13.     The  Sell  wood  MilUnipc  System.— The  Sell  wood 
mllliuj^  system  is  carried  out  by  driving  into  the  ore  a 
tunnel,  large  enough  to  admit  a  20-ton  railroad  can     At  di*- 1 
tances  equal  to  two  car  lengths  apart,  raises  are  pot  ^p  ta| 

the  bottom  of  the  istripped  pit,  and  the  ore  milled  ^  ' 
cars  with  but  one  shift  of  the  train  one*haH  a  car 
This  method  of  mining  is  fast  and  cheap;  itj  one  instance,  a  j 
train  of  twenty  cars  was  put  in,  loaded,  asi'  ''  1  out  in  lc»| 
than  1  hour.     Allowing  Ifi  mimUes  for  p  lanewtralill 

of  cars,  this  is  mining  at  the  rate  of  3,000  toas  per  dayj  aodj 
if  there  were  two  or  more  tunnels  the  ontimt  woold  tel 
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rtnous  for  a  single  mine.  The  miners,  in  milling,  blast 
shovel  the  ore  into  the  mills  from  which  it  is  drawn  into 
cars  as  desired.  ¥ig.  12  shows  a  deposit  that  has  been 
d  by  the  milling  system  in  the  Lake  Superior  iron-ore 
on  and  is  also  a  fair  illustration  of  the  conditions  that 
ir  in  drift' gravel  mining. 

4.     Mtnln^r  With  Mlll^. — Fig,  13  shows  a  cross-section 

ugh  a  milling  mine  in  which  J  is  the  drift  and  B  are  the 
holes.  Tiie  system  by  which  the  ore  is  broken  down  is 
ro  by  the  dotted  lines  C  which  form  witli  the  mills  a 
lel-shaped  cavity.  These  cavities  will  enlarge  until  they 
at  JJt  and  then  the  raises  £  are  to  be  driven  as  shown 
c 


the  dotted  lines.  The  ore  is  then  passed  down  the 
s  ^  until  practically  all  the  ore  above  the  drift  has  been 

oved;  then  another  series  of  drifts  is  driven  lower  in  the 
a  lion  and  the  process  repeated.  This  system  is  prac* 
at  mines  where  it  is  considered  easy  to  strip  off  the  over- 

ien,  but  where  the  dip  is  such  that  it  is  not  desirable  to 

die  the  ore  with  steam  shovels. 

xploiting  is  accomplished  by  sinking  inclined  shafts »  two 

tracks  wide*  to  a  convenient  depth,  and  then  driving  a 

1  from  ihe  shaft  bottom  into  the  ore.     From  the  level, 

U  are  worked  right  and  left  and  raises  driven  from  them; 

lalCer  are  provided  with  loading  aprons  so  that  ft  is  not 
ssary  to  handle  the  ore  when  loading  mine  cars.  The 
is  hauled  from  the  mills,  in  3-toQ  cars,  to  the  shaft 
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bottom,  where  it  is  dumped  into  skips  and  hoisted.  The 
ore,  if  broken  in  too  large  pieces,  will  choke  the  mill  and 
cause  extra  labor  to  free  it.  To  obviate  this,  soUars,  or 
platforms,  are  placed  around  the  mill  so  that  a  man  can 
stand  and  sledge  up  the  masses  that  are  likely  to  choke  the 
mill.  Another  method  is  to  divide  the  mill  into  compart- 
ments by  timbering  so  that  a  man  standing  on  a  ladder  or 
platform  can  break  up  the  jam  with  a  bar.  There  are  objec- 
tions to  the  latter  method  of  freeing  the  mill  as  the  ore  is 
likely  to  start  with  a  rush  and  run  into  the  level  by  knocking 
out  the  loading  gate.  At  the  Aubiun  mine  of  the  Minnesota 
Iron  Company,  3,300  tons  of  ore  were  hoisted  from  the  mine 
and  dumped  in  10  hours  where  this  mining  was  practiced. 
One  advantage  of  this  system  is  that  the  area  stripped  need 
not  be  so  large  as  when  mining  with  steam  shovels,  and  hence 
pumping  is  lessened.  Another  advantage  over  steam-shovel 
mining  is  that  no  expensive  cuts  are  required  unless  broad- 
gauge  cars  are  placed  in  the  mines.  If  the  deposit  is  wide 
and  not  more  than  300  feet  deep,  an  area  can  be  entirely 
worked  out  and  the  hole  used  for  the  dirt  from  the  next 
strippings.  

CliOSED  WORK 


UNDERGROUND    DEVELOPMENT 

15.     Tunnels,  Lievels,  Drifts,  and  Cross-Cuts.— 'To 

develop  prospects  to  show  that  they  are  of  value  as  mines, 
levels  are  run  from  the  shaft  right  and  left  at  intervals  of 
from  60  to  100  feet  measured  on  the  dip.  In  case  it  is  unad- 
visable  to  sink  on  the  deposit,  shafts  are  put  down  in  the 
country  rock  and  cross-cuts  made  to  the  deposit  in  which 
levels  are  driven,  or  levels  may  be  made  parallel  to  the 
deposit  in  the  country  rock  and  cross-cuts  driven  from  the 
levels  at  intervals  to  the  deposit.  In  some  cases,  in  fact 
wherever  it  is  possible  without  great  expense,  adit  levels 
are  driven  on  the  ore,  or  cross-cut  tunnels  in  country  rock, 
to  tap  the  ore  above  water  level.     These  openings  are  made 
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aioncfor  moving  ore  to  the  shaft  or  to  the  stirface,  but 
ior  drainag^e.  ventilation,  general  development,  and 
oration.  They  should  be  driven  in  as  direct  and  straight 
urse  as  practicable*  and  in  any  case  should  avoid  abrupt 
sSp  They  should  also  be  driven  at  uniform  grades  not 
ceed  7  inches  rise  in  100  feet  horizontal  measurement, 
have  Jess  than  4  inches  rise  in  the  same  distance;  at  the 
ide  mouth  of  the  tunnel  or  in  the  yard,  the  rails  may 
ven  3  g^rade  of  li  iiiches  in  100  feet  to  facilitate  the 
pagfe  and  handling  of  the  mine  cars. 

B<  Ditches.^ At  the  opening^  of  a  tunnel  and,  later, 
e  cross-cuts,  there  may  foe  no  evidence  of  water,  yet  as 
aicavation  penetrates  the  mountain,  water  seepage  and 
tr  courses  may  be  and  usually  are  encountered;  therefore, 
les  should  be  provided  from  the  commencement  of  the 
ation.  The  usual  methpd  of  making  a  ditch  is  to  blast 
channel  at  the  side  of  the  level »  if  possible  on  the  foot- 
side;  however,  if  the  hanging  wall  is  the  wet  side,  the 
h  may  be  on  that  side  or  in  the  center  of  the  level  under 
car  track.  It  should  be  made  as  free  from  obstructions 
ossible  and  kept  clear  of  refuse,  which  will  obstruct  the 
of  water, 

e  the  side  walls  of  the  levels  are  weak,  they  must 
rted  by  timbers;  and  in  some  systems  of  mining, 
cvels  must  be  timbered  whether  the  walls  are  weak 
t. 

Ml  lie  Care  and  Tracks*— The  design,  weight,  and 

mine  cars  will  depend  on  the  sise  of  levels  and 

of  the  material  mined.     In  iron-ore  mines,  the 

are  made  to  hold  from  2  to  3  tons.     The  wheels  are 

18  inches  in  diameter  and  are  shrunken  on  2i-  to  S-inch 

that  have  at  least  a  36-iQch  gauge.     Such  cars  are 

lly  supplied  with  brakes,  bumpers,  and  couplings. 

I*  li  shows  a  mine  car  used  in  theprecious-metal  mines 

le  West,     The  track  gauge  for  these  cars  is  18  inches, 

track  being  made  with  T  rails  weighing  12  pounds  to 

^«nl.  secured  at  the  ends  by  fish-plates,  bolts,  and  outs 
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and  spiked  to  ties  having  18-inch  centers.  While  this  is  the 
customary  weight  of  rail,  it  is  too  light  for  cars  carrying 
loads  above  1  ton,  from  the  fact  that  the  rails  soon  spread, 
and  are  continually  in  need  of  lining  up;  besides,  the  rails 
bend  and  are  difficult  to  straighten.  Rails  weighing  from 
18  to  30  pounds  per  yard  will  be  found  much  more  service- 
able where  a  large  tonnage  is  handled. 

The  average  diameter  of  car  wheels  at  precious-metal 
mines  of  the  West  is  about  10  inches;  and  while  it  is  under- 
stood that  cars  supplied  with  larger  wheels  roll  easier,  the 
additional  height  added  by  large  wheels  is  apt  to  make  the 
car  top  heavy  and  liable  to  discharge  its  load.  Ordinarily, 
car  wheels  are  loose  on  the  axles;  and  recently  ^and-proof 


Fig.  14 

grease  cups  have  been  added  to  the  wheel  hubs  to  cover  the 
outer  end  of  the  axle.  The  practice  is  to  fill  these  grease 
cups  with  a  mixture  of  grease  and  graphite  in  order  to  make 
them  self-lubricating.  Self-oiling  car  wheels  used  in  the 
East  have  their  boxes  stuffed  with  cotton  waste,  which  is 
kept  nearly  saturated  with  cheap  lubricating  oil  in  summer 
and  zero  oil  in  winter.  The  lubricant  always  being  soft,  the 
cars  start'  easily. 

The  conditions  for  a  single  ore  car  apply  with  the  same 
force  to  a  train  of  several  cars  when  drawn  by  animals  or 
motive  power,  only  that  in  the  latter  case  friction  brakes 
should  be  on  the  cars  in  order  that  the  driver  or  trammer 
may  control  them.  The  tracks  in  a  tunnel  should  be 
equipped  with  automatic  switches,  or  as  they  are  known  in 
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gome  localities,  spring  ktches,  so  that  the  outgoing  and 
Jgoin^  cars  may  pass  without  delay t  provided  that  double 
racks  are  not  laid  the  entire  length  of  the  tunnel.     Fig<  16 


Pic.  IB 

jWs  a  method  of  making  a  turnout-  a  is  known  as  the 
frog:  d  as  the  switch  point  or  latch,  which  is  sometimes 
worked  by  a  spring,  at  other  times  by  a  leven  Cars  moved 
the  direction  of  the  arrow  €  will  open  spring  latch  S 
lutomatically,  but  the  latch 
imediately  closes  and  a  train 
if  cars  coming  in  the  direc- 
tion of  d  will  take  the  curve 
and  pass  on  to  the  siding. 


1 8  *  IjR  I  eral  cross-  c  n  ts  ^ 
Irtrifs,  and  levels  should 
12 quipped  with  suitable 
^witches,  turntables,  or  tum- 
^late$»  at  those  points  where  ^'^-  ^^ 

t€ir  tracks  intersect  with  the  main  working  track.  Some- 
mes*  flat  boiler  plate  is  a  very  efficient  substitute  when 
tables*  turnplates,  or  switches  are  not  available.     The 

ball-bearing  turntable 
shown  in  Fig.  16  while 
rather  more  expensive 
than  the  ordinary  turn- 
plate,  has  proved,  gen- 
erally, to  be  much  more 
'*'^'  J^  efficient.     Fig.  17  shows  a 

rnplate  that  answers  in  many  cases  where  it  would  be 
practicable  to  use  either  a  turntable  or  a  switch. 
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1 9.  Cross-Cut  Jjevels. — When  a  vein  is  worked  through 
a  vertical  shaft  a.  Fig.  18,  cross-cut  levels  b  and  rare  made 
from- the  shaft  to  the  deposit,  and  then  levels  are  run  length- 
wise of  the  deposit  or  parallel  to  it  on  one  of  the  walls. 
It  will  be  noticed  that  the  cross-cuts  become  shorter  with 
depth  until  the  deposit  is  reached, 
when  they  become  longer.  The  cost 
of  driving  cross-cuts  after  the  vein 
crosses  the  shaft  at  a  will  increase 
with  depth  on  pitching  veins,  and  the 
question  will  arise  whether  or  not  it 
will  be  cheaper  to  sink  another  shaft  d 
to  the  left  of  the  present  shaft.  To 
decide  this  question,  a  bore  hole 
should  be  put  down  to  determine  at 
what  depth  the  shaft  will  cut  the  de- 
posit, and  ascertain  if  the  vein  is 
continuous  with  depth,  for  without  a 
previous  knowledge  of  these  con- 
ditions, the  cost  of  sinking  the  shaft  may  be  wasted  money. 
AnotluT  method  of  proving  the  continuance  of  the  vein  is  to 
sink  v)n  tho  dip:  this  method,  however,  is  not  advisable  from 
an  i'cv»nomic  standpoint,  but  should  be  done  rather  than  sink 
an  expensive  shaft  or  drive  a  long  and  expensive  cross-cut 
tunufl  trom  the  surface  haphazard. 


Fir..  IS 


'JO.      Working  on    the  Vein. — Fig.   19   {a)   is   a  cross- 

si\  lion  ot  a  vein  that,  like  most  veins,  is  not  regular  in  its 
hailr,  or  inclination  from  the  vertical.  When  shafts  are  sunk 
on  such  veins,  the  hoisting  tracks  must  follow  the  foot-walls, 
auvl  ihrir  (litTtTcnce  in  inclination  offers  every  facility  for  the 
lioisiin^  cars,  or  skips  to  leave  the  tracks.  The  hoisting  rope 
nmII  als(^  be  subjected  to  much  wear  by  moving  over  the 
looi  and  lloor,  as  well  as  thrashing.  Fig.  19  {b)  shows 
I  ha  I  I  lie  shaft  a  is  lined  on  each  side  by  pillars  of  mineral  h, 
hM  I  he  purpose  of  keepin<r  the  shaft  open.  It  will  be  noticed 
(hat  ilu*  pillars  increase  in  size  with  depth.  All  the  levels  in 
Ihis   longitudinal   section  are  not  the  same  distance  apart 
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verticallyi  but  they  are  on  the  dip,  as  shown  by  the  cross- 
section.  Fig,  19  (a).  Supposing  that  they  are  60  feet  apart 
Pn  the  dip  aod  that  there  are  six  levels »  there  would  only  be 
ve  let'els,  as  shown  by  the  dotted  lines  xz^  if  they  were 
9  feet  apart  vertically.     The  levels  are  laid  off  on  the  dip 


X' 


Mi... 


of  a  deposit  for  the  purpose  of  making  the  ore  blocks  as 
yearly  equal  in  ske  as  possible,  which  would  not  be  the  case 

ith  pitching  veins  and    levels  measured   equal   distances 

^ait  vertically, 

21.  B!oektu@r  Out  o  Mice. — In  precious-metal  mining; 
the  ore  is  not  attacked  and  entirely  worked  out  as  the  mine 
deTelopment  pro|n"esses^  for  the  reason  that  the  quantity  of 
payiiiE  ore  is  uncertain.  It  is  customary,  iherefore^  so  long 
there  is  ore  obtained  by  development  to  mine  only  a 
rifle  more  ore  than  is  sufficient  to  meet  running  expenses, 
ious-metal  veins  are  not,  as  a  rule,  one  continual  deposit 
^f  even  value,  such  as  iron-ore  deposits  for  ejcample,  and 
unless  the  vein  is  in  the  nature  of  a  bonanza  or  chimney, 
lere  will  be  rich  patches  of  ore  scattered  through  an  area  of 
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poor  ground.  This  makes  mining  uncertain  and  may  make 
it  imperative  to  do  dead  work  in  order  to  reach  a  rich  piece 
of  ground,  which  is  another  reason  why  ore  reserves,  that  is, 
the  ore  blocks,  should  be  left,  otherwise  assessments  may 
be  required. 

Fig.  20  is  an  ideal  cross-section  and  longitudinal  section 
of  a  precious-metal  mine.  It  will  be  noticed  that  the  ground 
is  not  blocked  out  in  regular  squares  but  that  raises  and 
winzes  are  driven  in  the  darker  places,  which  represent  ore 
patches.  This  method  of  development  saves  money,  and  at 
the  same  time  explores  the  ore  to  advantage;  besides,  the 
ore  obtained  in  the  work  will  probably  more  than  pay  the 
cost  of  driving.     In   the  case  of  very  rich  deposits,  which 


Fig.  20 


occur  in  small  pockets  scattered  through  the  rock,  the  mining 
must  be  carried  on  by  small  passages  following  ore  stringers. 
This  is  sometimes  called  coyotlii|2:  and  gropherinsr,  but 
even  when  the  mine  has  been  worked  in  this  irregular 
fashion,  it  is  best  to  run  levels  at  intervals  from  the  shaft  in 
order  that  the  g^round  may  be  systematically  worked  and 
landing  stations  made  where  the  cars  may  be  brous^ht  to  the 
shaft.  In  every  class  of  mining,  it  is  economical  in  the  end, 
although  returns  are  slow  at  first,  to  drive  to  the  limit  of 
the  deposit  and  rob  the  mine  back,  rather  than  rob  a  minef 
for  the  ore  in  sight  without  regard  to  supports,  reserves,  or 
any  future  consideration.  One  other  rule  in  mining:  that  will 
prove  valuable  is  to  follow  the  ore,  and  in  early  development 
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k&rk,  follow  it  down  whatever  its  pitch  may  be.     Whenever 
e  outcrop  appears  on  the  slope  of  a  mountain ,  drive  in  a 
ijevel  CO    the  veiui   for  it   is  from   definite  information  so 
]uired  that  the  data  for  exploitation  plans  is  provided. 

[22.     Connectloos  Between  Levels. — When  a  hole  for 
air  passage  or  any  other  purpose  is  driven  from  a  level  to 
level  above,  it  is  termed  a  raise  or  upraise;   on  the 
ler  band,  when  an  auxiliary  shaft  is  sunk  from  a  level  to 
le  one  next  below,  it  is  termed  a  wIdec.     Ordinarily,  it  is 
leaper  to  drive  a  raise  than  to  sink  a  winze;  and  where  the 
latloD  13  very  wet»  the  raise  has  a  decided  advantage, 
[may  become  not  only  uncomfortable  but  even  impractica- 
for  miners  to  perform  a  full  amount  of  labor  in  the  top 
an  upraise;  and,  again,  it  may  be  impossible  for  them  to 
>rk  at  all  because  of  increasing  heat,  entire  absence  of  ven- 
ition,  and  the  further  fact  that  even  one  burning  candle 
aumes  too  much  oxygen  and  adds  too  much  heat*     Air 
ventilation  may  be  maintained  by  introducing  a  canvas 
i«  which  may,  in  case  of  a  good  ventilating  current,  on  the 
jI  be  supplied  with  a  cowl;  but  if  the  air-current  is  poor, 
nay  be  attached  to  a  fan  or  some  other  arrangement  for 
ifig  air  to  the  top  of   the  upraise.     A  canvas  hose  of 
>per  area  is  suitable  for  this  work  because  it  is  flexible 
may  be  quickly  removed  for  blasting  and  as  quickly 
filaced  for  driving  out  powder  smoke.     Where  electricity 
[tj.sed  in  a  mine,  a  small  portable  electric  fan  is  the  most 
Ir-^"*--  ^nt  and  efficient  ventilating  apparatus,  but  it  must  be 
constructed  as  a  blower,  and  not  be  an  ofKce  fan. 
In  the  case  of  mines  whose  deposits  are  uniform ^  winxes 
ises   may  be    driven  every   100   feet;  but   in   case  of 
lar  deposits,  this  practice  is  not  advisable*     In  dri- 
ving raises  there  is  danger  that  is  not  noticeable  in  sinking 
ijses,  namely*  from  loose  ground  falling  on  the  miners' 
ids.     There  is  trouble  from  water  when  winzes  are  sunk 
I  wet  mines,  besides  the  ore  has  to  be  hoisted  when  broken. 

i3*     Coet  of  Urlvlugf*— The  cost  of  driving  sinks  and 
&s  varies  according  to  the  locality  and  rock,  but  on  an 
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average  a  winze  5  ft.  X  6  ft.  will  cost  $8  per  running  foot, 
while  a  raise  will  cost  about  $6,  not  including  timberinj:. 
When  the  work  is  done  in  ore,  the  actual  cost  will  be  about 
the  same,  but  the  mineral  may  more  than  pay  for  the  work. 
When  drifts  are  less  than  30  square  feet  in  area,  they  are 
difficult  to  work  and  their  excavation  will  cost  more;  on  the 
other  hand,  when  they  are  more  than  30  square  feet  in  area, 
they  will  increase  in  cost  on  account  of  the  extra  material  to 
be  broken  and  handled.  The  average  cost  of  driving  tunnels 
in  Colorado  is  about  $10  per  foot;  and  that  of  sinking  shafts, 
$30  per  foot.  The  Newhouse  tunnel,  which  ns  12  ft.  X  12  ft., 
cost  $28.80  per  running  foot,  but  this  is  nearly  three  times 
as  large  as  an  ordinary  drift  and  is  2,959  feet  in  length, 
making  the  handling  of  material  expensive.  Part  of  this 
tunnel  has  been  driven  for  $20  per  foot. 


MINING    SYSTEMS    FOR    MINERAL    DEPOSITS    NOT    OVEB 
12    FEET    THICK 

24.     Ijoii|2:-Wall  Mining. — The  longr-wall  system  of 

mining  is  applicable  to  bedded  deposits  that  are  nearly  hori- 
zontal or  not  highly  inclined.  The  method  of  working,  as 
shown  in  Fig.  21,  consists  in  undercutting  the  deposit,  and 


Fi<;.  21 

breaking]:  it   down.     The  roof  must  bend  or  break  as  the 
face  a  is  advanced,  in  order  to  take  the  weight  from  the  ^^* 
and  the  props  b.     As  soon  as  one  undercut  is  broken  ^^ 
loaded  out,  the  back  prop  c  is  pulled  and  placed  near  ^^ 
face.     If,  when  the  prop  is  pulled,  the  roof  does  not  faU»  * 
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Qtist  be  shot  down,  for  working^  otherwise  will  be  daoger- 
^tts.  This  system  of  working  will  answer  for  soft  deposits, 
ach  as  salt  and  day  ironstone,  at  least  whenever  they  can 
be  undercut  with  a  pick  along  their  face  for  some  distance 
ritbout  leaving  pillars  of  mineraL  In  some  instances,  road- 
rays  are  made  through  the  mineral,  radiating  from  the  shaft 
jke  the  spokes  from  the  hub  of  a  wheel:  in  this  case,  the 
Seposit  is  attacked  between  two  roadways  at  the  boundary 
^t  the  property  and  worked  long- wall  toward  the  shaft. 


KT: 
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■     25«     Plllnr  »nd  Rooin.^There  are  several  systems  of 

|illliir*^iiniUrooin  %vork,  varying,  from   necessity,   accord- 

jg  to  the  thickness  of  the  deposit*     Fig.  22  is  an  illustra- 

ion  of  the  system  practiced  at  the  magnetic  iron-ore  mines 

the  eastern  part  of  the  United  States,  where  the  walls  are 

jootl  and  the  ore  quite   tenacious.     These   deposits   have 

polling   foot-walls  in  some  parts  of  Orange  County,  New 

^^c>rk»  while  (he  roof  is  quite  regular,  thus  forming  a  series 

»f  lenses.     Where  the  pinches  come,  a  pillar  of  ore  a  is  left 

id  levels  S  are  run  both  ways  from  the  shaft  until  the  limit 

>f  the  deposit  is  reached.     When  the  latter  occurs,  pillars 

About  12  ft.  X  12  ft,  are  blocked  out  and  the  ore  stoped  out 

oo  the  next  leveL     Before  one  level  has  reached  its  limit 
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north  and  southt  a  sink  is  made  and  everythingr  is  in  re:idi-l 
ness    for   attacking   the   slopes  c*     It  is  possible  to  work' 
severaJ  levels  at  once  if  the  detnaod  for  this  character  of  ore 
will  warrant     No  timbering  is  needed  in  such  mines  except j 
for  the  shaft  ladders  and  landings  and  an  occasional  stuU.l 


^' 


.-a- 
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Fig*  23  shows  the  Clark  mine  in  Rockland  County,  Ifew^ 
Yorki  which  was  worked  first  as  an  underground  mine 
then  stripped.     The  rolls  that   occur   in   the  foot-wall  ims] 
shown  at  the  right.     The  figure  also  shows  the  pillars  of  ( 
left  to  support  the  rogf,  which  In  this  particular  case 
nearly  all  ore.  

MmtKO    NAHtXOW    VEINS 

26*     Underhftnd   Stoplnfir-— Stoplng  means    to   otfiT 

on  work  by  means  of  steps  or  benches.  The  method  of  work-< 
ing  by  utnlerliaml  mtopes  is  shown  in  Fig  24.  Theengii>e| 
shaft  a  is  sunk  to  a  moderate  depth,  so  as  to  have  a  &ecur 
roof  on  the  first  level  i>,  say  from  20  to  .^0  feet.  The  6r!«l 
level  is  then  driven  toward  an  air-shaft  r  so  as  to  secur^ 
proper  ventilation.  The  shaft  is  next  stmk  to  a  depth  thii 
will  furnish  a  slope  of  the  proper  height  and  a  second  level  /J 
driven  as  wide  as  may  be  necessary  for  cars  and  at  k 
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feet  high.  Between  the  two  levels  a  soHd  body  of  ore 
left  for  a  shaft  pillar*  A  raise  is  then  commenced  and 
Irectly  above  it^  at  the  same  distance  from  the  shaft,  a  winze; 
bese  are  worked  until  they  meet*  The  mineral  between  b 
id  d  is  now  attacked  and  at  the  same  time  a  row  of 
tempels,  on  which  rubbish  is  thrown,  is  put  in  above  d.  If 
le  quantity  of  refuse  is  large  and  heavy,  the  stull  timbers 
aust  be  heavy  and  strong*  At  a  distance,  determined  before- 
tfind.  another  level  /  is  started,  and  so  on  down  the  shaft. 
fhc  distances  between  levels  are  divided  into  stopes  s  about 


feet  high,  %q  that  each  miner  can  reach  the  whole  height 
kf  the  stopc  he  works.  All  the  rubbish  from  two  stopes  is 
pled  on  the  timbers,  and  serves  as  a  road  lor  carrying  ore  to 
the  shaft  and  conducting  fresh  air  to  the  stopes.  Temporary 
j^latforms  connect  the  stopes  with  the  timbering  sustaining 
be  rubbish.  The  ore  is  not  dumped  directly  down  the  shaft 
It  into  the  break-throughs  forming  the  shaft  pillars;  from 
it  is  loaded  into  buckets  or  cars  and  hoisted.  Other 
iods  of  underhand  stoping  are  carried  on  in  the  ore 
ires  previously  mentioned  or  in  working  grotmd  at  a 
Isstaoce  from  shafts. 
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If  the  work  extends  along  the  strike  of  a  vein,  the  miner 
selects  the  points  where  the  ore  seems  best;  or,  if  the  ore  is 
continuously  workable,  he  chooses  points  at  convenient  dis- 
tances apart,  say  150  or  200  feet,  and  begins  to  sink  by 
cutting  out  a  block,  6  feet  or  more  long,  to  a  depth  of  at 
least  6  feet.  This  gives  the  first  stope  floors,  Fig.  25  (i). 
From  this  floor,  work  is  continued  each  way,  leaving  tracks 
and  timbers,  if  any  exist,  overhead  until  a  sufficient  distance 
has  been  run  to  allow  room  for  cutting  out  the  next  floor  k. 
Work  then  goes  on  simultaneously  on  both  floors  each  way, 
floor  //  being  kept  about  6  feet  behind  the  upper  floor  g  until 
room  is  gained  on  k  to  permit  sinking  to  floor  /\  which  will 


Fia.  25 

have  the  same  height,  namely,  6  feet.     In  this  way,  the  work 
proceeds  until  the  next  level  below  is  reached  or  the  ore 
gives  out.     If  there  is  much  waste  rock,  platforms  are  made 
on  stempels  put  across  the  stope,  on  which  the  waste  material 
is  thrown.     The  platforms  must  be  secure  enough  to  protect 
the  men  on  the  lower  floors.     As  stempels  are   generally 
necessary  to  support  the  hanging  wall  if  the  vein  has  any 
considerable  dip,  the  expense  of  hoisting  the  waste  can  be 
avoided  by  using  these  platforms  for  its  stowing.     It  may  b^ 
necessary  to  install  some  form  of  pump  to  remove  the  watef 
collecting    in    the    bottom    of    the    stope,    but   possibly  th^ 
buckets  will  be  sufficient  for  the  purpose. 

27.     A(lvanta|2:es  of  Underhand  Stoping^. — The  advan' 

tages  of  underhand  stoping  are  that  ore  can  probably  he 
worked  to  the  next  lower  level,  hence  mining  and  shaft 
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ff'  go  on  at  the  same  time.  The  work  of  sorting  and 
\g  ore  on  the  stope  is  easily  performed  and  the  fine  rich 
sadily  picked  up;  this  is  a  matter  of  considerable  impor- 
when  ore  is  friable,  as  then  the  small  particles  are 
times  the  most  valuable  portions. 

■  Dl»nd vantages  of  Uiiflertia»d  Btoplugr. — Should 
tiantity  of  water  be  such  as  to  require  pumping  or  con- 
bailingi  there  will  be  an  added  cost  to  mining^  by  under- 
stoping.  The  timbering  must  be  strong  and  substantial 
levent  material  falling  on  the  stopes  below»  as  the 
■ta^  no  means  of  testing  the  timbering  in  the  stopes 
I^PThe  stopes  cannot  well  be  retimbered,  consequently 
iilar  attention  must  be  given  to  this  matter  or  loss  of 
nd  possibly  the  abandonment  of  that  portion  of  the 
|w|U  result p 

Hftortifsh  Method  of  Underhand  Sloping* — The 
(all  iiiethotl  of  underhand  atoping  consists  in  dri* 
B  level  a.  Fig*  25  (a),  to  beneath  the  point  where  the 
is  to  be  started*  Connection  is  then  made  by  raising 
the  lower  or  sinking  from  the  upper  level  as  at  ^, 
permits  the  material  to  be  thrown  to  the  level  a  and 
I  the  stope  thoroughly.  The  work  of  cutting  out  the 
and  breasts  begins  at  the  top  of  the  winze  and  pro- 
as in  the  former  case,  except  that  the  material  is  rolled 
owed  to  slide  to  ihe  lower  slope  floor»  from  which  it  is 
d  into  cars  on  level  a  and  trammed  to  the  shaft, 
c  stoping  described  is  t\vo*winged»  that  is,  stopes  are 
son  each  side  of  the  shaft*  but  this  is  not  always  the 
tnd  one-wing  stoping  may  be  followed, 
e  Cornish  method  of  underhand  stoping  permits  greater 
Einay  in  ore  handUng:^  provided  that  the  level  a  must  be 
eventually*  than  the  former  method*  There  is  no 
*  to  hoist  or  pump  and  the  ventilation  is  good,  in  fact 
s  a  more  desirable  method  of  stoping  than  the  former 
^Ty  case  except  where  quick  returns  are  needed*  The 
taay  also  he  protected  by  a  pillar  of  ore  and  so  protect 
H  until   it  is  desired  to  rob  the  pillars  or 


s  topes  must 
fuller  cleaned 
top  down  so  I 
pieces  of  roq 
will  QOI  strike 
below*  Thet 
is  costly  and 
substantial, 
then  the  ttq 
not  last  a  g^r 
in  consequeni 
water  coming 
wall  St  the  ba< 
the  rubbish 
them.  As  t 
of  the  mine  <1 
a  measure  c 
tinibers.  nnlej 
of  ore  above 
is  left,  it  is  ii 
that  the;?  sha 
sound,  stroi 
By  leaving 

mineral  must  be  left,  which,  by  some,  is  consider 
tionable;  however,  with  systematic  mining,  these  p 
in  the  nature  of  reserves  and  can  be  recovered  with 
expense  or  danger  when  the  level  is  to  be  abandoii 

30.     Overhead   Stoplngr.^Iu   overhead    sto] 

Hteps  are  inverted,  as  shown  In  Fig.  26»    The  shaJ 

,  atnl  levels  !<itarted  right  and  left  at  iniervals.     If  vi 

f.hoi^iting.  and  drainage  are  done  through  one  shafi 


WtQ.  an 


ORE  MINING 

7€  compartments   for  the  purpose »  as  shown;  howeveTi 

13  shafts  are  always  advisable  in  mines  emplo^^itii:  as  many 
forty  meo,  since  better  work  can  be  done  In  good  air  and 
jidents  will  not  be  so  frequent.  Men  will  slight  work  in 
where  they  are  extremiy  hot  and  nearly  smothered, 
d  one  need  not  be  surprised  if  good  ore  is  thrown  away 
d  poor  timbering^  done  in  such  places.  With  opening  of 
ds  a  and  if,  mining  Is  carried  on  until»  with  the  exception 
shaft  pillars  in  case  the  shaft  is  sunk  on  the  mineral,  the 

IS  all  removed  between  the  levels.  Strong  timbers  or 
me  arches  are  required  above  each  level »  for  if  they  are 
t  by  faU  of  roof  and  material  above  they  will  be  difficult 
recover. 

The  miner  commences  on  the  level  and  takes  out  the  first 
fep  above  the  level*  standing  on  the  ore  and  rubbish  c  to 
:(»niplish  this.  Timbers  are  placed  back  of  him  above  the 
!rd  and  the  next  stope  commenced.     If  the  vein  is  all  ore, 

at  two-thirds  of  it  may  be  removed  when  broken,  the 
niainder  forming  a  platform  for  the  miner  to  work  on, 
'Mtinuing  in  this  way,  a  series  of  s topes  are  worked  up  to 
•  level  above  from  both  sides  of  the  shaft.  The  arrows 
ite  tlie  air-current  that  affords  the  men  ventilation.  In 
le  system  of  overhead  sloping  is  practiced  at  some 
Itaace  from  a  shaft  in  a  mine,  it  will  differ  somewhat  from 

It  described, 

JH-  Slnfrlc  OTerhead  Stoplngr- — In  the  general 
ascription  of  overhead  stoping,  working  places  each  side 
tte  shaft  were  represented;  but  it  is  sometimes  necessary 
avoid  working  barren  ground  or  for  some  other  reason  to 
toiueiice  work  on  one  side  of  a  winze,  as  illustrated  in 
I  27,  In  this  casei  the  level  has  been  rua  ahead  of  the 
^pei,  so  that  several  s topes  may  be  working  on  the  same 
^ti  d,  and  for  that  reason  the  levels  must  not  be  stopped  up. 
fcc  first  stope  r  is  advanced  on  the  timbering  and  a  chute  s 
mmenced  as  soon  as  it  becomes  unhandy  to  throw  back 
ore.  The  slopes  d,c^  etc,  follow  in  order  as  previously 
MSribed.    The  air  travels  up  s  and  out  into  the  winze  ^, 


tu 


ORE  MINING 


§61] 


places  being  made  in  the  latter  for  that  purpose.  The  v%ni$te| 
material  on  the  stopea  is  necessiarily  tuU  ot  spaces:  and] 
since  the  ore  and  rehise  fall  together,  much  &ne  ore  will  bel 


Fia,  ^ 

lost  unless  some  means  are  provided  to  prevent  its  falUnirl 
directly  on  to  the  waste.  Canvas  sheets,  sheet  iron,  or  boanls  ] 
are  therefore  placed  under  tlie  stope  %vhere  the  ore  will  fall,  | 
and  after  the  refuse  is  removed  the  ore  is  placed  m  the  chtil^. 

32*     Overhead  Stope  Carried  as  a  Brea^st- — Fig.  Si] 

illustrates  a  modification  of  overhead  sloping  employed  Toj 
moderately  pitching  veins,  where  the  roof  or  hanging  wallj 


^ 


^•^^Jd\"'S<i^^^.-: . 


requires   considerable   support-     After   the  mnio  drift  if  is 
driven  J  that  portion  of  the  vein  bet\^een  raises  *  and  f  ii| 
advanced  as  a  stope;  and  the  two  raises  are  t  ^  ms] 

the  work  progresses.     The  hanging  wfill   k  %lv:  i 
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by  timberitig:  these  raises  and  by  stulls  placed  in  the  space 
between   them.     One  or  both  raises  roay  contain  chutes  e 

Por  the  ore  and  one  the  ladderway.     Waste  material  from 

lining  is  packed  in  the  space  d  between  the  raises.     In  this 

be   face   is   advanced  until   the  next   upper  level   Is 

t.     After  these  stopes  have  been  worked  out  between 

iro  levelsp  the  pillars  may  be  removed  in  the  same  manner, 

ore  being  sent  down  through  the  raise  used  for  removing 

frotn  the  rooms,  the  roof  being  held  in  place  by  stulls  and 

iste  rock  d  as  the  ore  is  removed.     In  case  ventilatton  is 

r*  3  raise  may  be  carried,  in  advance  of  the  w^ork,  to  the 

upper  level.     While  removingf  the  pillars,  the  work  is 

[lushed  with  all  possible  rapidity;  and  after  it  is  accomplished^ 

le  hang  in £:  wall  is  allowed  to  settle  on  the  packing*  *  When 

idvancing  by  thit*  method,  the  blasting  is  done  by  uppers  or 

reaal   holes;  and  if   the  vein  is  thin*  it  is  customary  to 

»mo%^e  a  portion  of  the  foot- wall  and  then  blast  down  the 

>re  on  canvas  or  planking.     If  the  foot-wall  is  very  mucli 

Jcr  than  the  hanging  wall,  it  may  be  necessary  to  remove 

ic  hanging  wall  first  and  then  blast  up  the  ore,  but  this  is 

_aoi  considered  good  practice.     When  it  is  necessary  to  fill 

le  excavation  with  rock  in  order  to  support  the  hanging  walli 

be  necessary  to  continue  a  raise  in  advance  of  the 

St  ihe  next  upper  level  and  take  into  the  stope  fill- 

%g  tnaterial  brought  from  some  part  of  the  mine.     This, 

r;  need  not  be  the  case  in  all  instances,  as  broken 

lU  occupy  about  70  per  cent,  more  space  than  the 

le  rock  would  in  the  solid;  and  from  conditions  illustrated 

Fig.   2H,   there   would   be    more   than    suflficient   broken 

lateriaJ   for  packing.     This   is   the  case  when  the  vein  is 

jck  and  practically  the  entire  deposit  is  of  sufficient  value 

'to  pay  for  its  extraction* 


S3,     OTertiond  Stoplngf  From  Bottom  of  Win  see,— It 

II         '  always  necessary  to  extend  the  shaft  and  drift  under 

1 1  j*c  before  overhead  sloping  is  commenced.     Fig.  29 

lustrates  a  case  where  a  winze  has  been  sunk  and  sloping 

conimenced  at  Its  bottom*    a  is  the  winze;  ^,  the  upper  level; 
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f,  the  drift,  which,  if  the  shaft  is  subsequently  carried  dotm, 
will   become  the  lower  level-     The  disadvantages  of  this  I 
method  are  that  hoisting  and  pumping  equipment,  also  ineaES 
for  ventilation,  have  to  be  provided.     The  advantage  of  ibh  | 
method  is  that  the  ore  may  be  attacked  by  the  overhead  I 
mining  system  and  removed  in  advance  of  a  level. 


liWT 


Pig,  29 
34,     Overhead   Btopln^   Without  a  WInsec*, — Fig*  80 
illustrates  an  overhead  slope  that  has  been  carried  up  with* 
out   a   winze.     In  mines  where    the   entire   vein   is   lo  be 

removed  and  the  deposit  is  practically  vertical*  this  method 
is  frequently  employed^  the  men  standing  on  platform*  i  j 
while  they  work.  A  sufficient  amount  of  ore^  or  refuse*  is  i 
allowed  to  remain  on  top  of  the  level  timbers  to  protect 
them  during  the  process  of  stoping.  When  the  stope  has 
reached  the  next  upper  level*  if  the  material  left  in  the  slope 
is  ore,  it  is  drawn  out  and  hoisted.  At  times,  only  timber 
in  the  platforms  may  be  recovered;  but  the  drift  timber 
itself  is  sometimes  drawn,  provided  that  the  entire  vein  i* 
so  valuable  as  to  be  removed.     In  one  miQe»  this  method 
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IS  continued  until  there  was  a  stope  over  500  feet  high 
Mthoui  a  stick  of  timber  and  from  which  every  pound  of 
>re    had    been    removed »   but    in   this  instance,   which    was 
unustjal,  the  walls  m-ere  very  good, 

35*  AdvantajQ^es  of  OreHioad  gtoplnjc?. — The  methods 
>f  overhead  stop  in  g  described  are  especially  appticable  to 
vertical  or  highly  inclined  veins,     The  method  illustrated  in 


^^r  i^*  28  is  applicable  to  veins  having  such  an  inclination  that 
^Bie  ore  will'  slide  through  chutes  to  the  level  a,  and  yet 
^Hrhere  the  formation  is  not  so  steep  but  that  the  hanging 
Hlrall  exerts  considerable  pressure  on  the  timbering, 
"     Leaving  out  the  case  where  overhead  sloping  is  practiced 

Earn  the  bottom  of  a  winze  having  no  level  connections, 
me  of  the  advantages  of  overhead  stoping  are:  No  hoist- 
g,  pumping,  or  bailing  is  required  in  the  block  of  ore 
jiDS  worked,  as  in  the  case  of  underhand  stoping  without 
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a  winze.  Water  gives  little  trouble  in  the  slopes.  Less 
timber  is  required  and  much  of  that  used  may  be  recovered. 
Gravity  assists  in  breaking  down  the  ore.  In  general,  it  is 
not  only  more  economical  than  underhand  stoping,  but 
leaves  the  stope  in  more  workmanlike  shape,  and  if  the 
mine  is  temporarily  abandoned,  it  will  be  found  in  better 
condition  when  work  is  resumed. 

36,     Disadvantag^es  of  Overhead  Stoplns^. — Some  of 
the  disadvantages  of  overhead  stoping  are:     There  is,  at 
times,  greater  danger  than  in  underhand  stoping;  but  as  the 
miner  is  always  close  to  the  roof,  he  can  test  its  firmness 
by  tapping,  and  if  it  sounds  hollow,  he  can  knock  off  the 
insecure  rock.     When  drilling  is  required  for  blasting,  all 
drill   holes   must  be  uppers  and  this  is  inconvenient.    In 
overhead  stoping,  there  may  be  great  loss  of  fine  ore,  which 
becomes   mixed  with  the  waste  material,  but  this  can  be 
obviated  by  laying  down  canvas,  sheet-iron,  or  board  floors, 
for  the  material  to  fall  on  as  it  is  broken. 


NARROW    FLAT    DEPOSITS 

37,     Block  Mining. — Flat  veins  having  a  continuous  ore 
body  require  lateral  drifts  placed  much  closer  to  each  othe^ 
than  the  levels  of  an  ordinary  mine.     This  is  especially  nec- 
essary on  account  of  the  fact  that  the  ore  will  not  slide  o^ 
the  floor  in  chutes  to  the  levels,  but  has  to  be  shoveled  frol^ 
the  place  where  it  is  broken  to  the  car.     On  this  account* 
levels  are  placed  from  85  to  40  feet  apart,  as  shown  in  Fig.  3l  ' 
In  this  case,  S  is  the  shaft:  C  the  levels  in  the  ore  deposit  I    ^ 
and  ByF,  two  cross-cut  levels.     The  levels  are  connecteC^ 
with  the  cross-cut  levels  through  the  raises  D.     This  systeir^ 
divides  the  ore  body  into  a  series  of  blocks  between  th^ 
levels   C     These   blocks    are   usually   attacked   from   botl^ 

j^gg that  is,  from  the  upper  level  and  the  lower  level — 

the  miner  shoveling  the  broken  ore  into  a  car  or  to  a  plat^ 
f  rm  near  the  track  on  which  the  car  runs.    The  waste  mate- 

.  I     j^y  \y^  packed  into  the  workings  behind  the  miners  as 

.       advance.    The  two  cross-cut  levels  £,  F  are  assumed 
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this  case  to  be  30  feet  apart.  When  the  blocks  between 
B  levels  C  are  attacked  from  both  sides,  it  may  be  neces- 
ry  to  first  drive  raises  between  the  levels  for   drainage, 


c         c 

a 

c         c 
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Fig.  31 


^"^  method  of  attack  will  then  be  the  same  as  in  under- 
^nd  overhead  stopes;  that  is,  the  advance  will  be  by 
^ssive  steps    until  the  entire   deposit   is  removed,  the 
*^^ing  supported  on  the  waste  material. 
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MINING    WIDE    ORE    DEPOSITS 

38.  Veins  More  Than  8  Feet  Thick, — When  large 
masses  of  valuable  ore  occur  at  such  a  depth  from  the  sur- 
face that  stripping  is  out  of  the  question,  it  becomes  neces- 
sary to  exploit  them  by  a  special  system  of  underg:round 
work.  The  support  of  the  excavation  becomes  so  important 
in  such  instances  that  it  forms  with  the  ore  breaking:  special 
methods  of  mining. 

In  many  cases  where  a  stope  is  not  more  than  8  feet  wide, 
stulls  are  set  across  with  plank  lagging  for  floor,  and  this  is 
all  the  timbering  required  when  the  walls  are  firm.  In  the 
case  of  crumbling  walls  that  require  support,  square  sets  are 
necessary.  In  stopes  of  a  width  only  requiring  one  length 
of  timber  to  reach  across,  but  also  requiring  posts,  the  sill 
stulls  are  set  first  in  an  overhead  stope  and  the  cap  stuU  set 
first  in  an  imderhand  stope.  In  all  cases,  the  stulls  are  cut  of 
such  a  length  as  to  fit  tightly  against  both  walls,  or  a  wedge 
is  driven  between  the  wall  and  the  end  of  the  stull  to  make  it 
very  tight,  and  each  stull  is  so  set  that  the  upper  angle  that 
it  makes  with  the  hanging  wall  is  slightly  greater  than  aright 
angle,  in  order  that  the  least  settling  of  the  hanging  wall 
will  tighten  the  stull.  The  side  posts  are  set  after  the  stulls 
are  in  place,  in  cases  where  the  lower  stull  is  set  after  the 
upper  in  underhand  stopes.  In  overhead  stopes,  the  posts 
can  be  set  on  the  ends  of  the  lower  stull  and  the  upper  stull 
driven  down  on  the  tops  of  the  posts.  When  the  side  posts 
have  to  be  set  after  both  top  and  bottom  stulls,  it  is  well  to 
have  the  tops  of  the  posts  framed  for  gains  in  the  ends  of  the 
stulls  and  drive  the  bottoms  of  the  posts  to  place  and  secure 
thorn  by  drift  bolts.  The  lower  ends  of  the  posts  and  the 
xv,V<*r  sides  of  the  stulls  arc  not  cut  at  all  in  this  case,  provided 
;>.;t  the  timbers  are  sawed.  Another  way  to  put  in  square 
>v;>  ;s  to  have  them  properly  framed  at  the  ends  and  of  such 
t  w  -vhh  as  to  approximately  fit  the  width  of  the  stope,  and 
>'\v  'aj:gi"8:  between  the  square  set  and  the  wall  to  tighten 
»V  tvAUie  and  support  the  walls.  If  the  timber  is  to  be 
^Mv^wxl  and  used  again,  this  is  much  the  better  way,  but  in 
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les  where  there  is  no  intention  of  removing  the  timbeTt  the 
Imed  method  is  to  be  preferred  as  being  both  quicker  and 
nng  stronger  support  to  the  walls,  although  not  makmg  so 
It  n  job.  These  methods  have  been  described,  presup- 
^sin^  that  each  square  set  stands  by  itself »  the  sets  being 
kly  connected  loosely  with  one  another  by  the  lagging* 
Ift  is  sometimes  necessary  in  wide  slopes  to  frame  two  or 
more  square  sets  so  that  they  fit  together  to  span  the  dis- 
tance bet%veen  the  walls.  In  these  cases,  ties  are  necessary 
tiesides  the  caps,  sills,  and  posts,  the  ties  being  similar  tim- 
ers to  the  others,  and  framed  so  as  to  join  the  square  sets 
;£ether  lengthwise  of  the  stope  and  form  a  good  joint. 


''''^'yz^'^yAt^y'.'^^^^^ 


Fig.  3i 


Sqtiare  Sets. — ^When  the  rich  silver  deposits  of  the 
>mstock  lode  in  Nevada  were  discovered,  the  owners 
ind  it  impossible  to  remove  the  entire  mass  by  means  of 
jfy  known  form  of  timbering.  The  necessities  of  the  case 
suited  in  the  invention  of  the  eqviare-set  system  of 
ibcring;  which  has  been  improved  on,  both  in  framing 
strengthening.  When  square  sets  are  used»  mining  is 
jally  carried  on  by  overhead  sloping.  Fig.  32  is  a  lon- 
Indinal  section  showing  the  general  appearance  of  the 
[ibcrtngp  As  fast  as  the  ore  is  excavated,  new  sets  are 
led.     Fig.  3S  shows  square  sets  on  the  600*foot  level  of 


ORE  MINING 


43 


Tlland  mine,  Cripple  Creek,  Colorado;  and  Fig.  34 
square  sets  in  a  mine  at  Mercurt  Utah.  From  these 
.illustrations,  a  general  ide^  of  square  sets  may  be 
led,  but  the  manner  of  handling  the  ore  after  breaking  it 
:et  shown  in  Fig.  36,  which  is  a  cross-section  of  Broken 
ine,  in  Australia,  and  in  Fig.  36,  which  is  a  horizontal 
fi  of  Fig.  35.     When  the  weight  of  material  is  not  too 


I  and  the  deposit  is  to  be  removed  quickly,  square  sets 
be  employed  without  any  subsequent  means  of  support* 
s»ae  there  is  excessive  pressure  and  it  is  desired  to  keep 
Working!*  opeti  for  some  time,  it  may  be  necessary  to 
r  fill  the  sp<ice  between  the  sets  with  waste  material  or 
^  the  broken  ore  to  remain  temporarily  between  the 
ittr$.    If  sig-fls  of  weakening  become  ootfceable,  four  or 
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31  me.  Lrrs-^-mrs  were 
ran  :r-:m  rie  ToriiasleTels 
( wxzicii  T9^rt  i±«:z:  i>5  feet 
apart  re  the  ieposit,  and 
the  lir-jlri  A  ctltzz  in  the 
osmging  -xill  ::  the  de- 
posit. tr'tlciTiZL^  all  the 
Ganges  •::  direction,  and 
thus  detenrTTTTTg  ihe  exact 
bo-j3diries  of  the  ore. 
Cr»:ss-c:i£s  "arere  also  driven 
rfxrou^jh  the  deposit  from 
the  expioracicc  drifts  A, 
and  wirrzes  sank  between 
the  levels.  The  system  of 
wr:rkins:  ^^n  proceeded  as 
tollo  ws:  A  cross-cut  6  feet 
high  and  6  feet  wide  was 
di'Lveti  from  the  haagring^to 
the  foot-wall  of  the  deposit, 
as  indicated  by  B,  Figs.  38 
and  40.  After  this  cross- 
cut was  cotnpleted.  rock 
was  brought  from  the  sur- 
face to  the  next  level  above 
and  damped  through  the 
winzes  into  the  drift  A 
near  the  end  of  the  cross- 
cut. The  cross-cut  was 
then  carefully  packed^  or 
filled,  with  waste  rock. 
The  next  cross-cuts  A 
Fig:s.  38  and  40,  were 
driven  on  each  side  of  the 
one  that  had  been  filled. 
These  were  then  carefully 
filled  and  the  cross-cuts  E 
were  driven  and  after  these 
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had  been  filled,  the  cross-cuts/^ were  driven  and  filled.    ThisI 
process  was  continued  until   a   layer  of  ore   6  ieel  thick! 
bad  been  taken  from  under  the  entire  deposit,     Nexi»  the! 
drift  A  was  also  filled  and  a  new  one  of  the  same  diinensioos 
driven   immediately   above   it.     While    filling    the  drift  A, 
chutes  were  provided  through  which  the  ore  from  the  new 
drift  could  be  thrown  down  to  the  cross-cuts  connecting  with 
the  main  haulage  T,     These  chutes  were  lined  with  stonfr*j 
work  built  of  lar^e  blocks  without  mortar.     After  the  Ge« 
drift  above  A  had  been  completed,  slices  were  taken  from  1 
ore  by  driving  and  filling  the  cross-cuts  S,  d^e^  /,  as  shown  i 
Fig.  40.     A  second  cross-cut  was  not  started  until  the 
nezt  to  it  had  been  carefully  filled.     It  was  found  that 


cost  of  driving  the  first  cross*cut  B  was  one  and  ooe^l 
times  as  much  as  that  of  driving  the  succeeding  cross-oilil 
of  the  same  level.     This  was  due  to  the  succeeding  cross*] 
cuts  having  two  free  faces,  thus  making  the  blasting  mo 
effective.     In  the  succeeding  slices,  all  cross-cuts  after  i 
first  had  virtually  three  free  faces,  and  hence  the  cos* 
mining  was  less  than  for  driving  the  first  cross-cul  fi.    The 
filling  material  was  quarried  from  the  top  of  a  hill  Dearths 
mine,  but  none  of  the  small  material  from  the  qusirTy  w*i 
put  into  the  mine  because  It  was  more  expensive  i 
utiderground  and  it  could  not  be  packed  so  as  to  prcv....  .. 

roof  settling*     The  larger  pieces  could  be  so  packed  that  littli 

settling  would  take  place.     The  rock  for  filling  was 

from  the  quarries  in  small  cars  to  the  rock  shait,  wlt.v..  -• 
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with  balanced  cages  that  were  contToned  by  a  drum 
a  brake  only.  The  loaded  car  descending  on  one  cage 
up  the  empty  car  on  the  other  cage,  hence  no  expense  was 
i^d  for  hoisting  by  power.  After  the  quarry  cars  had 
led  the  level  above  the  one  on  which  ruck  was  required^ 
were  trammed  to  the  top  of  the  rock  chutes  and  dumped, 
unpty  car  being  relumed  to  the  cagfe  and  hoisted  by  the 
Hit  of  the  loaded  car.  Several  levels  of  the  mine  were 
ked   simultaneously;    and,  as   the  filling  In  the  upper 
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^  became  firmly  packed*  no  difficulty  was  experienced  in 

vtng  the  entire  deposit,  although  both  walls  of  this 
kit  were  weaker  than  the  vein  material  The  deposit  to 
I  this  method  of  mining  is  applied  is  about  500  feet 
land  varies  from  20  to  75  feet  in  width,  the  average 
I  being  about  32  feet. 

^Lonfcltiiclltml  back  stoptnp^  ^vlth  fining  may  be 

where  the  ore  is  hard  and  tenacious,  while  the 

the    deposit    are  weak   and  friable.     The  deposit 

in  Pigs.  41,  42,  43,  and  44  was  first  worked  as  an 
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ecei  z\z.  btrt  rns  5T^5C^nr  :f  irrrkriig  had  to  be  abandone 
m  le^'.'inc  :c  rie  ^I'ies  ^j.t-zi^  Fi^.  41  and  42  are  cros 
sectiircs  :c  rie  ierri-vfir.  F-^.  41  shows  one  of  the  m2 
5Siart5  ±r-:ii;^ii  .vtrn:ii  :iie  ere  l5  removed.  Fig.  42  shows 
rrck  JiTics.  :r  ruse.  xli:c^  the  rcot-wall  through  which  re 
r:r  fl*!:!:^^  ii?  "rrrii^h:  Ir-^rz  from  the  open  cut  above. 
Fi;^.  41  :t  will  be  -TCicec  r^.iT  diere  are  some  raises  betwc 
lie  'ar:rk±i;j  shaft  ire  ±^e  deposit:  these  are  put  in  as  ladd 
wujs.  thr:c^":i  which  -he  !3ie!t  could  escape  in  case  of  fire 
^ut  main  shaft.     Fi^.  43  is  i  longitudinal  section  show^ 
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three  levels  of  the  mine.  Fig.  44  is  a  plan  of  the  fifth  le\ 
of  the  mine,  showing  the  drifts  timbered  in  the  filHo 
together  with  the  raises,  or  mill  holes,  through  which  t 
ore  is  thrown  down  to  the  level  for  tramming  to  the  shs 
The  raises  A  are  made  tor  dumping  rock  filling  to  the  lev 
below.  The  mining  is  carried  on  as  follows:  A  cross-cn' 
driven  from  the  shaft  to  the  deposit,  as  shown  on  the  eig 
level,  Fig.  41.  After  the  cross-cut  reaches  the  ore,  a  st 
16  or  20  feet  in  height  and  the  entire  width  of  the  deposi 
carried  along  for  some  distance,  and  then  a  drift  is  timbei 
as  diown  on  the  seventh  level.     Cribs  are  also  built  at 
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of  the  drifts  to  form  rock  and  ore  chutes,  after  which 
IB  brought  down  and  the  stope  is  filled  nearly  to  the 
About  10  feet  of  the  roof  is  blasted  down,  broken  up, 
wn  through  the  chutes  to  the  level  below,  and  trammed 
to  the  shaft.  Another  layer  of  filling  is  then  put  in, 
which  the  slope  is  again  ready  for  blasting.  The  work 
nues  in  tliis  manner  until  all  the  ore  has  been  removed 
ilhlo  a  few  feet  of  the  next  level  above.  No  timbering 
ed  during  this  work,  except  in  the  drifts  at  the  bottom 
ich  level  and  in  building  the  chates.  which  are  placed 
I  30   feet  apart,  in  order  to  avoid  long  tram  roads. 


Pic.  4£ 

I  a  Stope  has  been  worked  out  nearly  to  the  level 
-t  it  is  tilled  and  left  until  work  is  suspended  on  the 
Tapper  level,  then  the  ore  left  as  a  floor  between  the 
svels  is  recovered  from  drifts  driven  in  the  foot- wall  and 
^^ite  the  floor  to  be  removed,  as  shown  at  B^  Fig,  42. 
floor  usually  caves  down  on  the  hi  ling »  and  as  a  conse- 
Ice  a  little  timbering  has  to  be  used  during  its  removal, 
on  account  of  the  broken  and  shattered  condition  of  the 
and  the  fact  that  little  or  no  blasting  is  required,  the 
tact  per  man  may  be  greater  than  in  the  largest  slopes. 
fter  a  level  has  been  entirely  worked  out  and  the  floor 
^fi  robbed,  the  rock  filling  may  be  drawn  from  it  luid 
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States  from  the  north  of  Enifland  consisted  in  the  removal 
of  the  materia]  from  immediately  below  the  top  of  the 
deposit.  The  top  was  theo  allowed  to  cave  into  the  wort- 
ings  and  another  slice  below  removed.  By  this  method,  the 
miner  nli^*ays  worked  under  a  roof  of  broken  r-*  --^  "^J"- 
ported   by  light    timbering.     Conditions  bav^: 

system  that  is  c> 
i^.JkH^^li|P^crNii»ij      the  reverse  of  thi 

it,  the  miner  goes  s«De 
distance  from  the  id 
of  the  ore  and  imdc^* 
mines    i(,  alter  tH^ 
the  mntcrinl  ' 
own    accord 
workings    ai 
moved    with 
no  hlasltng. 
these   extjeines 


^0 


.i-_i. 


are  many  ^'^'^^X^  » 
sysienis.  ' 

of  ti 

ihrou^.     ..^ 
top  of  ih^ 
prenous  ^ 
new  sliMk  - 
systen^ 
seenih^:  J 

t    \*  tspi 

■     r  IS  covered  wnH  lim\)er«  nl 
,th   of   driii,  ;,^  ^^  j^w; 
■s   are  remove^  ^,  ^^^^  ^ 

.n.l  arc  k^l^X.    ;      j^t^c^v^^^s 
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lined  quickly  to  prevent  caving.  The  expense  of  qttarrytng 
nd  tranitporting:  the  material  for  filling*  together  with  that 
ff  buiiding  the  cribs  and  keeping  the  drifts  open^  has  forced 
le  abaodonment  of  this  method  among  the  iron  ore  mines 
)f  the  Lake  Superior  region,  though  there  is  no  reason 
pby  it  cuuld  not  be  applied 
deposits  of  material  hav- 
tg   a   slightly  higher  value  I  (r- 

'  ton.    At  the  Chapin  mine, 

is  system  is  applied  only  to 
taose  tocatifjns  where  there 
id  been  no  settling  oi  the 
lateriaL 

In  removing  the  pillars 
ram  the  upper  portion  of  the 
line  and  the  bodies  of  ore 
lat  have  been  undercut  in 
le  previous  work,  a  system 
Irery  similar  to  that  described 
I  connection  with  the  Spanish 
^pper  mine  was  followed. 
*r€>ss*cuts  were  run  through 
le  pillars  to  the  hanging 
rail;  and  from  these,  drifts 
rare  run  right  and  left,  using 
ight  timbering  to  support 
le  materiaL  When  these 
Irifts  were  completed,  they 
cere  filled  and  other  drifts  run  beside  them.  This  process 
ras  continued  until  a  slice  had  been  removed  from  under 
tbe  entire  pillar  or  body  of  ore  being  worked.     After  this, 

new  cross-cut  was  driven  on  top  of  the  filling  and  the 
krocess  repeated. 


Pra.  46 


44.     Aclvatitn^os  and  Dlsnclyaiita|ices  of  the  l^liclnir- 

^nd-FtlHiiK  Hysitein. — The  advantages  of  the  filling  sys- 
are  that  tbe  entire  deposit  is  removed.  Several  levels 
be  operated  at  tbe  same  time.     If  operations  are  bein^ 
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v.ir -0.:  .":•  .-»:  .^  cor.s:<^.erable  depth,  there  will  be  '::i!e  cis- 
:..:  ...•-.;'  .,:  :":e  >-.:r:.\^*e.  Little  or  no  timbering  is  requ::ev;. 
r ':: 0  J. . ^ „ v'  \ .-. -.*. : .-  j:  j  s  .- :  : he  system  are  the  expenses  cor.r.ected 
\\::'::  V:o,.x  ■  j:.  :v.:::s:v>ri:ng^.  and  stowing  the  filling,  which 
\\  •.'.'.  ..'.N,^  ■.  i*,;-.:.ri^  .i  r.\:k-sh;iit.  otherwise  the  output  of  ore  will 
K^  •  o/.::.;*/:  Wh-vt^  ;he  material  is  allowed  to  fall  through 
:'*.;•  vV.;'.:c>.  ::  w.'.'.  :v.;::iro  an  extra  handling  into  the  cars  ia 
::u*  :v.-.u\  ^os-.J.os.  :::c  ohuies  will  have  to  be  kept  in  repair. 

45.  Matorial  for  Filllnp:. — In  the  filling  operations 
o.;:tu\:  v  :-.  ::*  :ht"  l..iko  Superior  region  of  the  United  States, 
;ho  :•'.'.:•/.;:  :v.;:cri.;'.  h.is  ^coTl  coarse  and  fine,  just  as  it  came 
I.*  i*..r.'.v',.  :'..^  .;::oTrp:  !v:r.^  made  to  carefully  stow  it  up  under 
iho  r.^^:.  .is  :>  :ho  ».'::siom  in  Spain.  In  some  cases,  the 
ir.ir.os  V.Ave  ^t^v^::  ::!lov:  wiih  sand  or  gravel  from  the  surface. 
Who:*.  >po^v..'.  >ys:o:v.<  ot  timbering  are  used  (such  as  square 
soi>^  i»*  nv.iv\". :  :ho  workings,  the  rooms  are  often  filled 
wiih  iv.itcTM'.  .\::cT  they  are  completed  and  the  pillars 
removovl  :^v  t•■■.v^er:ns:  aiui  filling.  In  many  cases,  this  is 
not.  stv:^.*i!v  spe.ikiv.;:.  a  fi'. ling  system,  but  is  a  practical 
meih*H:  or  i:i-;\^^-.: ■?:  oi  waste  material  without  the  necessity 
oi  \w\>ii:\]^  it  t^^  ti'o  surface. 

-It>.     ObialiUntr  Klinii;r  Material  in  Western  Mines. 

In  ni.my  ^'i  iho  W'oieip.  copper  and  silver  mines,  the  stopes 
have  been  ;i!::Ve:ov-.  .i:iv]  subsequently  filled.     The  material 
in  some  iu^iar.vc  s  \v.i>  obtained  by  driving  a  drift  into  the 
han^nui:  wall  .nu:  tiiv.berin^^  it  securely.     When  the  drift  bad 
penetr.itei!  tlie  h.;:.L::'.i;:   wall   for  some  distance,  a  chamber 
was  stt^peil  aiu:  tb.e  ir.iterial  allowed  to  cave,  after  which  it 
was  drawn  out   .iiul  n^tii  in  tilling  the  old  mine  workings. 
When  the  ha^^uini;  w.il'.  is  et>!n posed  of  a  somewhat  friable 
rock,    this    nieilioo.    has    proved    very    successful    and    has 
furnished  I'lllin^  material  at  a  small  cost  per  ton,  at  a  point 
near  the  place  where  it  was  t«»  be  used.     It  is  not  a  purely 
filling  system  as  tiu'  "it-  i>  exiraclcd  by  means  of  timbering, 
and  the  filling;  is  u>eil  i<'  support  the  walls  while  the  pillars 
are  bein*^   rcmovcil.     Tlie    ore    from    the    pillars    is    also 
extracted  by  the  aid  of  timl)er  sets. 
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THE    CATING    SYSTEM    OF    MINIHG 

Mliiltm  Ore  Bottles  b^  Calling.— In  the  long- wall 

miDtng  described,  the  roof  is  allowed  to  cave,  the 

^osit  being  removed.     When  a  bed  of  ore  is  thin 

some  distatjce  from  the  surface*  the  caving  will  affect 

ce  very  little,  but  when  it  comes  to  dealing  with 

3f    ore   the   dimensions    of    which    may   rmi    into 

of  feet,  it  is  evident  that  the  surface  will  be  badly 

by  allowing  the  overlying  strata  to  cave  and  Jili 


f^^^A^l 


-m^- 


pie,  iT 

nij.  In  the  United  States,  the  first  attempts  to 
masses  consisted  in  HMing  the  rooms  mined  out 
drawing  the  pillars*  or  a  portion  of  the  deposit  was 
ed  out  and  the  excavation  timbered.  Then,  after  this 
[ring  had  been  crushed  and  the  roof  had  settled  on  the 
lion  below,  more  of  the  ore  was  removed  by  timbering 
The  caving  systems  now  practiced  are  derived 
rience, 

^nnt1i£   Roof  oi»  C-«r>  Only   f Nofth-ot-Kn;?land 
-The  caving  system  introduced  into  the  United 
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states  from  the  north  of  England  consisted  in  the  removal 
of   the    material    from   immediately  below   the  lop   of  the 
deposit.     The  top  was  Uien  allowed  to  cave  into  the  work- 
ings and  another  slice  below  removed.     By  this  method*  thej 
miner  always  worked  under  a  roof  of  broken  n^  '     ^ 

ported    by   light    timbering;     Conditions  have   ^ 

system  thai  is  cxnctly 
'W^^C^iat^i  the  reverse  of  this:  in 
it,  the  miner  goes  some 
distance  from  the  top 
of  the  ore  '  ;!fir« 
mines    It,  ucb 

the  material  faU$  of  Its 
own  accord  into  tlic 
workings  and  is  r?* 
moved  with  little  f^r 
tio  bLaHting.  Between 
these  extremes  there 
are  many  mtennediate 
sysienia. 

Fig.  47  shows^fft'^f 
of  men  driviiu 
through  Hoft  rire 
top  of  the  fonn^ 
pre%'ious  to  :5I 
new  slice  in  the 
system.     It 
seen  that  just  suffidHJ 
lagging  is  pnt  in  plac 
to  keep  the  drift  open] 
After  the  drift  has  beci 
completed,  the  floor  is  covered  with  timbers  placed  at  righ^ 
angles  to   the  length    of   drift,   as  shown    in   Ftg,  48,  and 
the   limber   sets  are  removed  or  blasted  down   so   as 
allow  the  roof  to  cave  in  and  fill  the  space.     The  timl 
on  the  floor  form  a  support  for  the  maierial  from  above 
and    in    subsequent   operations  at  a  lower    level,   the  mc 
and  waste  material  are  kept  out  of  ihe  workings  by  siinplj 


tM-- 


m 
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ig.  47.  The  size  of  these  drifts  depends  largely  on  the 
laracter  of  the  ore,  and  may  be  taken  as  about  8  ft.  X  8  ft. 
I  the  clear.  The  floors  in  the  finished  drifts  have  three 
oles  laid  lengthwise  of  the  drift  on  which  round  saplings  or 
awmill  slabs  are  laid  at  right  angles  and  then  the  drifts  b^ 
ig.  51,  are  caved.  This  operation  is  repeated  until  the 
Qtire  slice  of  ore  is  removed. 

In  Fig.  51  (a),  which  is  a  plan  through  the  top  of  the 
use  c  and  the  drifts  a  and  b,  two  drifts  have  been  caved  on 
ae  side  of  the  deposit  and  three  on  the  other,  and  two 
thers — one  on  each  side — are  ready  for  caving.  Sometimes, 
le  raises  are  placed  close  together  and  the  drifts  b  are  made 
lort.  By  this  means,  a  large  proportion  of  the  ore  can  be 
leveled  into  the  raise  without  the  use  of  a  wheelbarrow. 

49.  Caving  a  Back  of  Ore. — Fig.  51  (c)  illustrates  the 
lethod  of  caving  a  back  of  ore.  d  is  the  main  working  level, 
hich  has  been  driven  through  the  ore;  c  is  the  raise;  a  is  the 
Pper  drift,  from  which  caving  is  being  carried  on;  <r  is  the 
ext  lower  or  subdrift,  which  has  been  driven  preparatory  to 
iving  the  block  between  it  and  the  level  a,  aiter  the  upper 
^ice  has  been  removed.  This  method  of  operating  does  not 
roduce  quite  as  clean  ore  as  the  one  described,  f/n  accr/unt 
i  the  fact  that  more  or  less  gravel  or  waste  rock  htcfjmt\ 
lixed  with  the  ore  during  caving. 

In  some  cases,  where  the  ore  is  of  a  s«>s&$rvhat  har'iiw 
ature,  a  slight  modification  of  this  fTsten:  i\  '^'¥id:  *n/i  ;n 
lace  of  driving  the  drifts  a  at  the  \f/p  oi  *m  y/rj:f/x  '•A  ''a^, 
^Posit  to  be  worked,  they  are  ^rirtsi  yifrr^^  ^Ji^PiT  -A/t^.^w 
he  drifts  b  are  on  the  same  lerel  ^z/L  xiear^  iruv^  \r,rnP' 
'^e,  which  is  allowed  to  care  to  the  r?r;*t?'  i^  te  rv^/,  v*f  > 
oward  the  raise.  After  ose  ^A  *jj^  x-rjt  ^x"rrx  ir^.  -»^^:-. 
aved,  the  work  progresses,  tikr:^  \^  n-^r.-vt??  •«>••*  .^v^yi--?. 
Dtil  the  entire  slice  of  t3ae  dej*^>ti*  i*  •t?Hi'.«?-vt, 

50.  Example  of  Qmi^m^  m  tki^ik  ^<  ^j^i*  >  >  y.;  v 
J,  and  54  Olnstrate  the  m«hvc  -,■:'  '.*;  r.-j  v:r  *  ^  "^  ■■  ^  -  ^ 
iving  system  just  descnbed,  t'x  t'i  .  ♦  -^r*'  ...  *.  -., 
\  the  line  AB  i»  r*  5*  ^^  *   «?* v^    ^^--^^ 
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through  shafts  4  and  5,  also  on  the  line  AB,  Fig.  W. 
Fig.  54  is  an  outline  of  the  ore  body  as  it  appeared  on  the 
eighth  level.  All  the  shafts  were  originally  vertical,  buus 
the  caving  progressed,  the  upper  portions  of  shafts  2  and^ 
were  carried  away  with  the  caving  ground,  and  inclines  wer< 
put  down  that  intersected  the  old  shafts  at  points  below  tb 
caving.  This  can  be  seen  in  the  case  of  shaft  2,  Fig.  fA 
where  the  incline  intersects  the  old  shaft  between  the  fift 
and  sixth  levels.  In  the  upper  portion  of  the  mine,  the  mai 
levels  were  driven  75  feet  apart,  and  generally  there  wer 
two  main  drifts  at  the  bottom  of  each  block  of  ore.    Froi 
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these  main  drifts,  raises  were  put  up  at  intervals  of  aboin 
50  feet,  and  from  these  raises,  four  series  of  subdrifts  were 
run.  The  timber  sets  in  the  main  drifts  have  caps  9  feel 
long  and  legs  7  feet  long,  while  those  in  the  subdrifts  have 
6-foot  caps  and  6-foot  legs;  this  leaves  about  8  feet  of  ore 
between  the  sublevels.  The  timber  sets  are  placed  from 
8  to  4  feet  apart  in  the  drifts.  As  the  raises  are  put  upt 
timber  sets  are  placed  at  the  first  subdrifts,  but  these  are  not 
worked  at  once,  being  left  to  strengthen  the  main  drifts  until 
the  fourth,  third,  and  second  subdrifts  have  been  worked  out. 
When  the  subdrifts  have  been  completed,  the  block  of  ore 
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::  -  . :  caving  is  continued  on  the  next 
1  -r.-i  xeatitime,  will  have  been  honey- 


■•.  "s  :...  this  method  of  work:  (1)  Tte 

,--:her  that  sometimes  the  crushinj 

■:-i  :ae  main  drift  will  crush  the  main 

/ 
/ 


,tnr  LerxL 


CSC  main  - 

)  feet,  and  ■ 

/■111  f  * 

n.       I  he    ti  ■  \^ 

u-j:  and   ]e;j  ■  F»o.M 


^jro  »  MHJLrr 


^ 


toot  caj)s  a  oIlMMd  on   any  sublevel    ^^^ 

'tween  the  .  i«||^vheeIbarrows  to  the  cr'^ 

to    I    t'eet   a;-  -  "IQ^IIt  shaft. 

''^''■^'  '-''^^  '''''  ■  Tie-teTlns  8y8tem.->5 

'''^''''  '•''■  •^"^'^^-  ^^  hi  the  system  just  ^ 

^*  ^^'^""Z'^'  ^^^^;''^>-  ■'  the  mine  below  tt^ 

1  a  slis:htly  diffiw*^ 


;^?r..-. 


hen   the  snbdrii: 


.r-    r>ci  .--t^z   .^  njr  soUevel  has 
:ri:    >     .  :-  v'r^^^faHOTOWS  to  the  ctaiti 

r$  I «    M'>«Jiru^ciuu  of  the  onTiiiir  9jstem. — ^A t 

r K  a »  /i  7*r f -^  rn ';  s  the  c : :!!: .  *.: ' : :  e :>  in  the  system  just  det 
u  Wui^HutA-A  in  that  porriv^n  of  the  mine  below  the 
level,  Vxii,  />'3«  which  is  laid  out  on  m  slightly  diltereii 
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Med  iniertnfdtale  main  levels  are  driven  through 
tervals  of  2(J  feet  instead  of  75  feet,  and  oo  sub- 
ised.  The  intermediate  main  levels  are  of  the 
!,  the  timber  setJi  having  y-foot  caps  and  7*foot 
leaves  about  10  feet  of  ore  to  be  caved  instead 
;t,  as  in  the  previoiiti  case.  Stations  are  made  at 
■  each  intermediate  main  level.  Under  this  modi* 
I  the  removal  of  each  20-foot  block  of  ore  may 
ished  as  before,  but  the  labor  of  driving  raises 
ed  and  cars  can  be  used  in  the  drifts,  thus  doing 
Host  of  the  wheelbarrow  work*  In  some  cases, 
^  sand  from  the  caving  ground  will  become  more 
*d  with  the  ore»  and  thus  reduce  its  value j  but  as 
btained  very  cheaply,  it  is  thought  that  this  may 
for  the  injury  to  its  quality, 

[it|^  All  the  Ore  BetAveeii  Two  l-evels. — The 
fing  a  back  of  ore  above  the  working  level  to 
and  fall  to  the  level  with  little  or  no  blasting. 
Lnded  until   the  system  illustrated  in  Fi^.  55 

veloped.  The  deposit  is  divided,  by  levels  and 
nio  blocks  from  200  to  250  feet  in  length,  which 
as  follows:  Levels  are  driven  100  feet  apart  in 
wall  //,  parallel  with  the  deposit  and  usually 
let  from  it,  tAfter  all  the  material  in  tbe  upper 
leen  worked  out  and  the  surface  caved  to  this 
ross-cuts  B  are  run  from  level  A  through  the  ore 
Ihe  foot- wall;  and  from  them,  t%vo  raises  D  are 
■ly  to  tJie  level  above*  The  tops  of  the  raises 
led  by  the  drift  E,  after  which  the  slice  of  ore 
removed  by  underhand  sloping  for  ^  feet  along 

(as  shown  at  a€)i  thus  the  ends  of  the  large 
cut    free   from    the   adjacent  material,  with  the 

f  the  portion  left  above  the  cross-cut  E,  U^ile 
s  going  on,  the  cross-cuts  C  have  been  driven 

ore  and  the  entire  mass»  with  the  exception  of 

M    has   been   undercut   to  a  height  of  7   feet. 

work  is  completed,   the  pillars  are  reduced  as 
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:;:i    >afoty  of  the  irmer?- r:-:  s^- 
L     ."...>: ed  oiii. 

i  :;:,•.:  of  preparing  z,  n!:i:E  :■  --' 
:  :::e  hanging  wall  bur  ':*t-.  -' 
>  :-^  expose  the  timbtirl::^  -  '-^ 
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:r.i"  ore  has  been  cut  aw2»y  -^:' 
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..-  :     I  xv-   --  :;-.o  v:  .^^n-,-,:;  /?.  the  raises  A  and 

^r'y— -■/•    .'  .      .    L  :  .\  ..V.   v-..r    ;.!so   be    seen   at  F.  '>■ 

vvj  •  '  ."        ....;   .    :.:  "...::    -   .•:   :;:e  vre  body  at  P;  G  is 
•  •'iv.l    ^:  ..  .■:  i.     The    entire    block  of 

^c:tk-  -  .->  :  :.  .  :  .^  sp.u^o  inidercut.  After  sevc 
inniii^.^  :  .V.  i!..;  >;  ..  ::-.i'  -TwicriA':  is  usually  cmshed  so  I 
that  the  -:-.:.:  ;  ..•:  v...".  ;  ..^s  :::roujjh  a  o-inch  hole.  W 
this  has  iiik^v.  :\:v\\  :.•..  v. i^>s-^nns  c"  are  reopened  throi 
the  crushed  ort-  :.\\..  ..-■.  >:vor.'^\y  timbered.  Frr.m  tfc 
cross-cuts  C.  ti::^:^. -i .;  ,.:.:•;  .iro  driven  to  the  ends  of 
block;  and  from  rhc  i\:::{  ::carost  the  foot-wall,  short  cr 
cuts  are  driven  to  the   loot-wall.     The  drifts  in  the  ca 
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ground  are  placed  about  25  feet  apart,  and  the  ends  or  faces 

of  Ihe  drifts  are  coastantly  full  of  broken  ore^  which  slides 

lawn  and  into  them  (see  Fig.  47).     The  work  of  milling  is 

ried  on  by  shovelingf  the  ore  into  mine  cars  and  taking  it 

lo  the  shaft.     When  a  full  output  is  desired,  the  force  at  any 

lace  consists  of  one  miner  and  four  muckers-  two  of  the  men 

^re  always  employed  in  loading  ore,  while  the  other  two  are 

amming  it  to  the  shaft.     No  drilling;  is  required,  aad  but 

little     powder   i^   used    in   blasting.     Drawing   the   broken 

aaterlal  in  this   way   forms    funnel-shaped   spaces  in   the 

Iroken  ore,  which  are  eventually  filled  by  the   timber  and 

rasle  material  above*     When  this  gob  appears  at  any  work- 

ag  face,  the  miner  pulls  or  blasts  out  a  few  timbers  and 

*ws    ore*  from  a   point  nearer  the  main  cross-cut*     This 

era t ion  is  continued  and  repeated   until  the  ore  in  the 

itory   formerly    transversed   by   these   drifts   has    been 

'cd  and  replaced  by  gob*  after  which  ore  drifts  from 

m   crosb-cuts   are   driven   in    the  ore  that   was   left 

stween  the  first  drifts.     In  actual  work,  it  is  found  possible 

^^**^w  the  ore  for  3  or  4  feet  on  the  sides  of  these  drifts 

w»  Consequently,  a  second  set  of  drifts  practically  cleans 

>p  the  broken  ground.     After  the  ore  has  been  removed, 

***■  ^ob  settles  firmly  into  the  place  formerly  occupied  by 

tie  i>re  body,  then  the  adjoining  block  can  be  undercut  and 

Iseparated  from  the  ore  at  its  solid  end,  after  which  it  will  be 

IftHfiwed  to  cave  and  will  be  removed  in  the  manner  just 

described.     One  advantage  of  this  method  of  caving  is  that 

llic  otitput  of  a  mine  can  be  greatly  increased  if  there  are  a 

mamber  of  blocks  of  caved  ore  ready  for  work* 


53,     The    8fifety    of    Men    In    Cnvlnif   and    FHlInfC* 

CiiFJiig-and-filling   mining    is   comparatively   safe,    for    the 

\mmtr  is  always  close  to  the  back  of  the  deposit,  and  hence 

(blows  the  condition  of  the  material  over  him.     The  miner 

ISO  that  the  ground  above  is  working,  and  hence  only 

,    ^    to    keep   those   passages  open   that   are   actnally 

^joircd  in  tntning.     In  some  mines,  after  the  caving  has 

}mnienced,  the  air  pipes  are  removed  and  the  use  of  air 


ORE  MINING  69 

Is  prohibited,  since  where  they  are  used  to  cave  the  back 

fDntialion.  the  fniners  are  h'able  to  drill  too  deep  holes 
to  use  such  large  quantities  oi  explosives  that  they 
g  down  more  ore  than  they  can  handle ^  and  hence  lose 
trol  of  the  ground. 

liooiiitiiir  niid  Caving. — Owing  to  the  fact  that 
a  back  of  ore  h  caved  more  or  less  gob  becomes 
Led  vrith  the  orCi  and  also  to  the  fact  that  where  only  the 
te  is  caved  but  a  small  output  is  obtained »  some  engineers 
e  adopted  a  compromise  between  the  old  system  of  room 
ing  with  square  sets,  and  the  caving  system »  and  from 
has  l>een  developed  a  system  that  has  been  employed  to 
e  extent,  in  which  the  rooms  are  timbered  with  wiiat  are 
;d  saddiehacks, 

n  attempt  has  been  made  in  some  mines  to  lessen  the 
mtit  of  timbering  by  using  what  are  called  siuli  rooms. 
►  56  (a)  shows  a  cross*section  or  end  view  and  Fig,  56  id) 
ertical  longitudinal  section  through  one  of  these  stul) 
IDS  after  the  upper  and  lower  drifts  have  been  driven,  but 
>rc  the  ore  has  been  mined  out.  The  level  A  is  driven 
eching  over  60  feet  below  the  top  of  the  formation.  The 
es  B  are  then  put  up  and  the  large  drift  C  is  driven  and 
lered  with  saddleback  sets  as  shown.  After  this,  the 
fJi  is  worked  to  the  dimensions  indicated  by  the  vertical 
^d  lines*  the  ore  being  milled  through  the  raises  and 
imed  through  (he  level  below  the  shaft.  When  the  room 
been  worked  out»  the  pillars  may  be  attacked  at  the  end 
^est  horn  the  main  drift,  beginning  usually  near  the  top, 
<>re  being  replaced  by  light  timbering.  Work  is  cen- 
^d  until  the  roof  shows  signs  of  caishing,  when  the 
r  leaves  the  w^orking  place  while  the  roof  crushes  in 
fills  the  rooms,  together  with  the  space  left  where  a  por- 
Qf  !he  pillar  has  been  removed.  When  the  caved  mate- 
^n  thoroughly  filled  the  old  workings,  the  pillars  may  be 
by  driving  drifts  through  them  to  the  end  farthest 
e  mnin  w^orking  drift,  and  then  taking  off  subd rifts 
this  inner  end  of  the  pillar,  supporting  the  roof  with 
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lig^ht  timbering  until  it  shows  signs  of  caving,  when  the  men 
again  leave  the  work  until  the  timber  is  crushed. 

55.  IIelg:ht  of  Rooms  Where  Koof  Is  Cared  and 
Method  of  Recovering:  Pillars. — While  the  method  of 
mining  just  described  produces  ore  very  cheaply  in  the 
rooms,  there  is  danger  of  losing  a  portion  of  the  high  pillar. 
This  remark  applies  equally  well  to  high  (seven  to  nine  set) 
rooms  timbered  with  square  sets;  and  on  this  account,  the 
distance  between  working  levels  in  which  it  is  intended  to 
allow  the  roof  to  cave  are  being  reduced.  Rooms  are  fre- 
quently driven  but  three  sets  high;  and  after  they  are  com- 
pieted  (from  60  to  100  feet  long),  the  pillars  between  the 
rooms  are  attacked  at  the  end  farthest  from  the  main  haulage 
drift.  ]i2:ht  timbering  being  used  to  support  the  roof.  After 
several  >ets  or  subdrifts  have  been  removed  from  the  inner 
e::d  of  the  pillar,  it  will  usually  show  signs  of  ciiishing;  then 
the  miners  blast  the  timbering  that  has  been  placed  to  sup- 
port the  roof  while  robbing  the  f)illar,  together  with  a  few 
sets  at  the  inner  end  of  the  stope  or  room.  The  roof  then 
caves  in;  and  after  it  has  packed,  a  drift  is  driven  through 
the  pillar  to  take  off  several  more  subdrifts  or  sets.  When 
the  r(jof  a^^ain  shows  signs  of  caving,  the  miners  leave  the 
workinj^'s  until  they  have  filled.  This  method  of  procedure 
is  not  so  slow  and  dangerous  as  it  might  appear  from  the 
(lescriptir)n;  and  when  the  work  is  done  rapidly,  considerable 
advance  can  be  made  before  a  cave  occurs.  When  the  \ii^^ 
timber  used  begins  to  crush,  it  is  sufficient  warning  that  ^ 
cave   is  coining. 

iiii,     Advjiiita^es    and    Dlsadvantag^es    of    Rooming 

mid  Caving. — By  the  rooming-and-caving  method,  the 
pillars  are  crushed  and  less  blasting  is  required  while  they 
are  bcini,^  robbed.  Also,  practically  all  the  ore  in  themineis 
recovered  with  the  use  of  little  timbering.  When  any  por- 
tion of  the  depf)sit  is  attacked,  the  work  is  pushed  as  fast  as 
l)r)ssibk'  until  there  are  signs  of  caving.  The  advantages 
are  that  the  ore  is  obtained  cheaply  and  comparatively  little 
timberin<:  is  used. 
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disad^ajitaees  of  this  method  are  that  only  the  top  of 
isit  can  be  attacked,  and  the  surface  is  allowed  to  cave 
le  mine,  tbuH  requiring  the  niaehioery  and  buildings 
I  placed  some  distance  from  the  workings. 

^  Qiiiillty  of  Ore  Olitatned  bj  Rooming  antl 
r» — By  working  low  rooms  and  then  robbing  fhe  pillars 

be  use  of  light  timbering,  fairly  clean  ore  is  shipped, 
I  this  way  a  better  price  may  be  obtained  for  the  product 

mine.  The  increased  price  may  more  than  pay  for  the 
Biice  to  the  cost  of  virorki ng,  by  means  of  light  timber* 
rith  subsequent  cavingt  and  that  of  caving  a  back  of  ore. 

fitinernl     Remarks   on    Mining    Methods.  —  No 

al  rule  can  be  laid  down  as  to   the  best  method   for 
iiig  large  deposits^   but  the   following   remarks  cover 
points  that  are  to  be  considered: 

Ihe  surface  is  of  greater  value  than  the  ore,  the  caving 
f)cl  is  out  ot  the  question. 

t  character  of  the  ore  %vill,  to  a  large  extent,  determine 
lethod  of  mining;  for  if  it  is  ejctremely  hard  and  breaks 
Uart7  or  hard-iron  ore,  it  may  he  impossible  to  employ 
f  the  caving  systems.  In  such  a  case,  it  will  be  neces- 
D  adopt  one  of  the  filling  methods^  or  to  support  the 
tigs  by  means  of  square  sets  or  some  other  form  of 
^ing  w^hile  the  material  is  being  removed. 
£n  the  deposit  contains  portions  of  ore  that  are  of  a 
erably  lower  grade  than  the  main  portion,  pillars  of 
!an  ore  may  be  left  to  support  the  hanging  wall  while 
raainder  is  being  removed.  Some  gold,  silver,  and  cop- 
liie^s  arew^orkedin  this  maonert  without  the  use  of  tim- 
^  simply  leaving  pillars  of  lean  ore  to  support  the  roof, 
^  character  of  the  walls,  and  especially  that  of  the  bang* 
all,  will  have  an  important  influence  on  the  method  of 
3J  to  be  adopted;  for  if  the  hanging  wall  is  composed 
iterial  that  tends  to  form  a  natural  arch  (such  as  strong 
looeK  it  is  unsafe  to  attempt  to  cave  the  material,  as 
M  will  arch  for  some  time  and  finally  cave  and  crush 
bing  before  it. 
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IRREGULAR    DEPOSITS    OF    A    POCKETY    NATlJBE 

59.  Ortrt-8et  Minlui?. — Deposits  of  a  pockety  nature 
are  ustiaHy  mined  by  means  of  drift  sets  placed  as  soon  as 
the  excavation  is  advanced  sufficiently.  Fig.  o7  is  a  sectioQ 
through  a  zinc  deposit,  where  the  ore  occurs  on  hmeiitone 
under  clay,  the  surface  of  the  limestone  being  covered  ^rith 
projections  {which  are  called  chimneys)  and  the  ore  occurtms 
not  only  in  the  hollows  between  the  chimneys,  but,  as  a 
rule,  in  uninterrupted  layers  of  varying  thickness  over  the 
entire  surface  of  the  limestone.  To  obtain  the  ore,  sii^^H 
shafts  are  sunk  to  the  lowest  part  of  the  deposit  and  froffl 
them  drifts  and  inclined  raises  are  made  to  follow  the  ore. 


Fro.  67 

\\\w\\  the  layer  of  ore  is  not  as  thick  as  the  height  of  ^ 
ordinary  drift  set,  it  is  mined  by  using  posts  and  caps. 

I''i:^.  '"^"^  ('')  is  a  section  showing  the  drift  sets  used  at  tt*^ 
sidrs  o{  the  deposits  and  the  caps  and  posts  used  inworkitJ^ 
(»viM-   the   top.     Fi<r.   58  {b)  is  a    section    on  the  line  A^" 
Im}^.  '"^S  ((/),  and  shows  the  manner  in  which  caps  are  suf^' 
ported  on  the  props.     The  caps  are  simply  slabs  or  piec^^ 
ot  plaiik  that,  with  the  props,  serve  to  hold  up  the  clay  whil^ 
tho  ore  is  being  removed.     The  work  of  removing  the  or^ 
bt^^:ins  at  the  top  of  the  deposit  and  progresses  toward  th^ 
bottom  of  the  shaft.     On  the  rise  of  the  chimneys  and  in  the 
li^wer   part  t)f  the  deposit,  drift  sets  are  used;   and  when 
the  i>re   is   too   wide   or  too   thick  to  be  removed  by  one 
N\iies  ot"  drift  sets,  two  or  more  are  placed  side  by  side  or 
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employed  are  2-  or  3-inch  planks;  and  as  the  clay  will 
usually  stand  in  place  for  a  short  time  without  any  support, 
It  is  possible  to  recover  most,  if  not  all,  of  the  lining 
material,  when  a  shaft  is  abandoned.  The  greater  part  of 
the  timber  used  in  the  drift  sets  is  lost. 


SPECIAL    METHODS 

60.  Mining  liOw-Grade  Deposits. — Salt  and  similar 
materials  having  a  low  value  per  ton  must  be  mined  by  the 
least  expensive  method  possible;  hence,  little  or  no  timbering 
can  be  used.     In  all  salt-mining  operations,  it  is  of  great 
importance  that  the  formation  shall  not  settle  or  cave  in 
such  a  manner  as  to  crack  the  overlying  material,  and  allow 
fresh  water  to  flow  in  on  the  salt.     The  mistake  of  working 
too  close  to  the  surface  was  made  in  the  first  salt  mines  i^ 
Louisiana  and  practically  caused  a  loss  of  the  greater  pai^     1 
of  the  deposit  above  the  mine,  for  fresh  water  flowing  ^^ 
through   the   roof   dissolved   the   salt   and   finally  stopp^^ 
operations. 

61.  Room-and-Plllar  System  Applied  to  Minl^^ 
Salt. — Salt  is  usually  mined  by  some  modification  of  wf  ^ 
is  called  square  >vork,  or  the  room-and-pillar  system*" 

When  a  deposit  of  rock  salt  is  overlaid  with  wet  formatiot^  ^' 
the  salt  must  be  carefully  secured  against  the  influx  of  st^^' 
face  waters.  After  sinking  a  sufficient  distance  into  t^^ 
deposit,  drifts  are  run  from  the  shaft,  and  from  these,  cha^^* 
hers  are  started.  The  salt  is  usually  worked  out  by  und^^' 
cutting  with  a  pick  so  that  it  may  have  two  free  faces  ar^ 
be  barred  or  shot  down. 

Fig.  60  is  a  cross-section  of  a  portion  of  a  deposit  beid^ 
worked  by  the  chamber  system.     Fig.  61  is  a  plan  showii^^ 
the  arrang:emcnt  of  the  pillars  that  are  left  to  support  tlf^ 
roof.     First,  an  undercut  A,  Fig.  60,  7  or  8  feet  high  and  th^ 
full   width   of   the   intended  chamber  is  driven   for  200  o^ 
300  feet.     The  salt  is  trammed  out  as  fast  as  it  is  broken 
down.     After  this  room  is  completed,  the  roof  is  blasted 
down  until  a  chamber  18  or  20  feet  high  is  excavated,  as 
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trated  at  By  Fig.  60.  The  salt  is  allowed  to  remain  in 
chamber  for  the  men  to  stand  on  while  enlarging  the 
ht  of  the  room.    A  part  of  the  broken  material  is  then 
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oved,  after  which  the  men  stand  on  platforms  to  drill 
!S  in  the  roof  and  blast  down  another  layer.  Then,  by 
ding  on  shorter  platforms  placed  on  the  salt  already 
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>wn  down,  they  again  attack  the  roof.  Owing  to  the 
that  the  broken  material  takes  up  more  space  than  when 
he  solid,  the  chamber  is  soon  so  nearly  filled  that  the 
kmen  can  stand  on  top  of  the  broken  salt  and  break  down 
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the  roof.  This  is  continued  until  the  center  of  the  room 
has  been  carried  to  the  desired  height.  The  chambers  are 
arched  at  the  top  to  give  them  a  strong  roof;  and  before  the 
salt  is  removed  from  the  room,  the  miners  carefully  examine 
this  to  see  that  there  are  no  loose  pieces  that  might  fall  and 
endanger  the  lives  of  the  men  working  below.  After  the 
chambers  have  been  driven  in  one  direction,  cross-cuts  are 
broken  through  between  them  in  such  a  manner  as  to  leave 
pillars  nearly  as  wide  as  the  chambers  themselves.  The 
roofs  of  the  chambers  form  the  floors  of  the  chambers  above. 

62.  Portion  of  Deposit  Recovered. — By  the  square- 
work  method,  scarcely  one-half  of  the  deposit  can  be 
removed;  but  the  advantages  are  that  no  timbering  is 
required  and  the  material  is  broken  down  at  a  very  small 
expense.  After  all  the  salt  that  can  safely  be  removed  by 
this  means  has  been  taken  from  the  deposit,  the  mine  must 
be  abandoned;  but  it  can  be  allowed  to  fill  with  water,  whidi 
soon  becomes  a  strong  brine;  this  may  be  pumped  out  and 
evaporated,  if  it  is  so  desired. 

An  advantage  in  mining  salt  in  this  way  is  that  coarse 
rock  salt,  for  which  there  is  a  demand,  can  be  obtained. 
One  chamber  200  feet  long  and  75  feet  wide,  with  a  mean 
height  of  65  feet,  represents  about  50,000  tons  of  rock  salt; 
hence,  it  will  be  seen  that  if  the  deposit  is  large,  even  this 
wasteful  method  of  mining  may  produce  great  quantities  of 
the  article.  When  rock  salt  occurs  in  comparatively  thii^ 
seams  between  firm  rock  walls,  a  greater  percentage  of  t^^ 
deposit  may  be  mined  with  safety.  At  times,  it  may  ^ 
necessary  to  use  some  timbering. 

03.     Hooni-aiHl-Pillar     System    Carried     to     Gre^" 

J)fptlis. — When  the  room-and-pillar  system  is  carried  tC7 
great   depth,    it   becomes   necessary   that   the    lower   pill^^ 
be  of  g:reater  cross-section  than  the  upper  ones.     Therefo^^ 
with  each  succeedino^  level,  less  and  less  of  the  deposit    ^ 
recovered,  until  utimately  a  depth  is  reached  where  it  woif ' 
be  unprofitable  to  mine  the  small  chambers  that  could  be  1^^ 
unsupported  with  safety.  .  •   .  '  ■  •' 
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Sf.  82  shows  a  cross-section  of  a  deposit  worked  by  the 
s-and-pillar  system.  It  will  be  seen  that  the  chambers 
ine  smaller  and  smaller  with  depth  owing:  to  the  neces- 
of  leaving  larger  pillars  on  each  succeeding  leveL  The 
msions  given  in  Figs.  6C^  61  >  and  62  are  not  general^ 
would  have  to  be  varied  to  suit  the  deposit  being  mined* 

1,  Sail  Miulnir  With  Mil  eh  I  lies.— Salt  is  sometimes 
td  by  using  undercutting  machines,  i>uch  as  are  shown  in 
k  65  and  64_     Fig.  63  is  termed  a  pick  machine  and  is 


\ 


^ 
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'Iced  by  compressed  air;  Fig.  64  is  a  chain-cutter  machine 
I  is  worked  by  electricity.  Both  classes  of  machines  are 
fciive^  and  have  ^  wide  use  In  coal  mining.  There  are 
cial  tindercn Iters  made  for  long- wall  mining,  and  special 
ters  for  shearing,  that  x%,  making  vertical  cuts.  Where  the 
mt  of  salt  are  between  rock  forfnations  and  are  compar- 
rely  thin»  the  nndercntter  may  remove  the  rock  from 
JW  the  salt;  while,  where  the  deposit  is  very  thick,  the 
|^S€  is  used  simply  for  making  an  undercut  in  the  salt, 
s  may  also  be  used  in  driving  the  first  undercut 
Pig*  60«  at  the  bottom  of  the  deposit^  the  balance  of 
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tbe  7  or  8  feet  being  tnioed  by  drilling  holes  near  the  lop  | 

and  blasting  down  the  salt. 

65,     HobblnfT  the  PlUars, — ^When  the  room-and*iiUbr  I 

system  of  mining  is  applied  to  large  bodies  of  ore  and  it  haf 
only  been  possible  to  remove  comparatively  small  portioni 
of  the  deposit,  attempts  have  been  made  to  remove  the 
floors  and  pillars  left  in  the  mine.  In  some  cases»  the  rootai 
have  been  filled  and  a  portion  of  the  pillars  worked  awayj 


u 
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bat  this  made  it  necessary  to  resort  to  one   of  the  tilhcfl 
systems  of  mining — as^  for  instance,  the  filing  system  or] 
the    caving    system.     In    the   case   of   some    large   copprf 
deposits  in  Spain  that  were  worked  by  this  method,  it  wis 
found  that  less  than  one*half  of  the  ore  could  be  recovered  | 
therefore,  the  overburden  was  removed  and  the  ptllnrs 
floors  worked  from  open  cut.     In  this  case,  it  would 
been  much  better  to  have  removed  the  overburden  in  tlic^ 
first  place,  but  there  may  be  cases  in  which  the  mine  ha 
pay  a  great  part  of  the  expenses  as  the  work  progte^ 
and  as  the  removal  of  the  overburden  would  be  very  cxpml 
sive  at  first,  the  method  referred  to  may  have  been  necess 
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66.  The  Room-and-Pillar  System  in  Comparatlvelf 
Thill  Seams. — When  room-and-pillar  mining  is  applied  lo 
seams,  not  over  20  feet  thick,  that  are  situated  between  hard 
rock  walls,  it  may  be  possible  to  leave  only  pillars  of  ore  in 
the  mines.     If  the  pillars  and  galleries  are  of  the  same  width, 
this  method  will  remove  practically  eight-ninths  of  a  vein, 
but,  when  it  becomes  necessary  to  leave  a  floor  or  a  roof  of 
the  mineral,  the  amount  won  is  less. 

67.  Lieachln^  Salt. — Deposits  of  salt  that  are  so 
located  that  it  is  impossible  to  mine  them  with  profit  may 
be  worked  by  drilling  a  large  hole  into  the  formation  and 
lining  it  with  a  casing  pipe.  A  smaller  pipe  is  then  let  down 
inside  as  close  to  the  bottom  of  the  hole  as  possible,  while 
the  casing  is  usually  stopped  at  or  near  the  upper  portion  of 
the  deposit.  Water  is  allowed  to  flow  down  through  the 
annular  space  between  the  outer  and  inner  pipes.  This 
water  dissolves  the  salt  from  the  formation  and  a  strong 
brine  settles  at  the  bottom,  whence  it  may  be  pumped 
through  the  inner  pipe.  By  this  method,  a  large  amount  of 
salt  has  been  removed  from  some  deposits,  the  brine  being 
subsequently  evaporated. 

Another  system  of  leaching  is  to  bore  several  holes  into  a 
salt  deposit  and  let  water  flow  into  them.  After  a  while, 
a  deep- well  pump  is  used  to  draw  out  the  brine  formed.  If 
water  is  allowed  to  flow  into  the  holes  not  being  pumped,  an 
underji^round  connection  will  soon  be  made  between  them  and 
the  pump,  making  the  operation  of  pumping  and  saturation 
continuous. 

68.  Mining   Sulphur    by   Heat. — In   some   locations. 

there  arc  sulphur  deposits  at  some  distance  from  the  surface 
and  so  located  that  regular  mining  methods  would  be  practi- 
cally impossible,  on  account  of  the  soft  and  treacherous 
nature  of  the  ground.  Attempts  have  been  made  to  work 
such  deposits  by  putting  down  pipes  similar  to  those  used 
for  leaching  out  salt  deposits  as  just  described,  but  in  place 
of  sendinor  down  water,  superheated  steam  was  used  to  mell 
the  sulphur,  which  was  then  pumped  out  through  the  inn« 
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pipe.    On  accouiit  of  sulphur  melting  easily  at   114*^  and 

forming  a  tbio   straw-colored  liquid  this  plan  was  thought 

I  feasible;  but  at  200°  sulphur  becomes  viscid  and  will  not 

Mow  at  all,  a  fact  overlooked  in  Louisiana  where  this  process 

|was  tried*     Again,  the  pump  valves  clogged  with  sulphur, 

rbicb  cools  rapidly,  so  that  the  plan  was  a  failure. 


tektiTjATion  of  obe  mikhs 

69,  Imiiortance  of  Veutllatlon, ^Because  the  ventila- 
>ii  of  ore  mines  is  not  iinperative,  as  is  the  case  with  coal 

aes,  too  little  attention  has  been  given  this  important 
Mature  in  mining*  While  it  is  extremely  rare  that  air  is 
>rced  through  ore  mines  lo  drive  out  explosive  gases,  the 
let  remains  that  there  are  other  gases  almost  as  detri- 
lenlal  to  the  health  of  miners  as  explosive  gases*  Usually, 
le  importance  of  ventilation  in  metal  mines  increases  with 
se  number  of  men  employed  and  the  size  of  the  workings. 

driving  long  tunnels*  raises,  or  winzes,  or  even  in  over- 
bad s toping,  the  air  will  become  very  bad  unless  some 
riiHcial  method  of  ventilation  is  employed* 

70,  Pollution  of  air  In  mlneg  may  be  from  the  fol- 
>wing  causes:  Respiration  of  the  men;  exhalations  and 
cerement  from  their  bodies;  gases  arising  from  the  com* 
istlon  of  oil  or  candles  used  for  lighting  purposes;  absorp- 

>n  of  the  oxygen  from  the  air  by  minerals  oxidizing;  and 

ie  gases  that  may  arise  from  the  oxidation  of  minerals; 
decay  of  timbers;  gases  resulting  from  the  explosion  of 
gunpowder,  dynamite,  etc*;  and  last  but  by  no  means  least 
some  mines  I  the  dost  arising  from  drilling  and  handling 

linerala. 

71,  Respiration  of  Men, — In  breathing,  men  inhale 
cygen   from   the  atmosphere  and  exhale   carbon   dioxide; 

|ictr  bodies  also  give  off  exhalations  of  other  organic  gases* 

fmn  doing  hard  manual  labor,  as  miners »  require  more  air 

is  allowed  per  person  when  figuring  on  the  ventilation 

Is,  schools*  theaters,  etc*;  hence,  the  rules  used  in  such 
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cases  become  useless  when  applied  to  problems  in  mine 
ventilation.  The  average  man,  when  engaged  at  hard  work 
in  a  mine,  requires  about  30  cubic  feet  of  pure  air  per  min- 
ute; and  the  horse,  150  cubic  feet  per  minute  for  respiration. 
Assuming  that  a  man  breathes  twenty  times  per  minute,  eadi 
breath  being  40  cubic  inches,  he  will  exhale  28  cubic  feet 
of  gas  per  hour,  which  will  vitiate  1,900  cubic  feet  of  air  per 
hour.  He  will  emit,  besides  the  air  from  his  lungs,  a  quantity 
of  vapor  that  has  been  estimated  as  .0836  pound  of  water  per 
hour,  enough  to  saturate  7.1  pounds  of  air  at  60°.  To  be 
healthful  and  pleasant,  the  air  should  be  only  one-half  satu- 
rated, hence  14.2  pounds  of  air,  or  187  cubic  feet  added  to 
1,900  cubic  feet,  gives  a  total  of  2,087  cubic  feet  per  hour, 
approximately  as  stated  30  cubic  feet  per  minute.  Owing 
to  the  fact  that  actively  poisonous  gases  are  not  often  met 
with  in  metal  mines,  and  that  animals  are  rarely  put  under 
ground,  the  metal  miner  often  gets  along  with  much  less 
than  this  amount. 

72.  Gases    Resulting:    From     the    lilgrlits.— When 

lights  (either  candles  or  lamps)  do  not  smoke,  the  gas  pro- 
duced is  practically  all  carbon  dioxide.  The  lights  may 
produce  from  two  to  four  times  as  much  of  this  gas  as  that 
produced  by  the  breathing  of  the  men,  hence,  more  fresh  air 
must  be  provided  for  the  use  of  the  lights  than  for  the  men. 
Oil  lights  often  smoke;  and  this  smoke  is  more  objectionable 
than  the  gases  produced  by  the  lights. 

Candles  are  used  in  most  metal  mines,  though  lamps  may 
be  required  where  large  stopes  are  being  worked.  Taking 
80  cubic  feet  per  minute  for  respiration  and  60  cubic  feet 
per  minute  for  candles,  the  total  quantity  of  air  that  is 
required  for  sanitary  purposes  is  about  100  cubic  feet  per 
minute  per  man,  a  quantity  about  one-tenth  of  what  some 
writers  claim  is  needed  in  coal  mines  giving  off  firedamp. 

73.  Gases  From  Minerals. — It  is  not  uncommon  to 
find  in  mines  that  gases  are  given  off  from  minerals  and 
from  rocks  that  enclose  the  excavation.  When  ventilation 
is  slu^^ash,  the  absorption  of  oxygen  by  pyrite,  or  by  iron 
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passing  to  a  higher  state  of  oxidation,  is  sometimes 
ked.  Sulphur  dioxide  and  hydrogen  sulphide  may 
aed  under  certain  conditions.  Carbon  monoxide  and 
dioTcide  tnay  be  given  off  from  rocks  in  small  qiian- 
which  may  become  injurious  when  ventilation  is 
h,  particularly  in  lead,  zinc,  and  copper  deposits 
i  io  limestone.  Poisonous  arsenic,  phosphorous,  and 
[al  gaseous  compounds,  as  well  as  marsh  gas,  have 
ttecled  in  ore  mines, 

Effeet  of  ExploslTes. — The  foul  air  that  is  pro- 

yy  the  burning  of  the  explosives  is  another  factor  that 
Into  the  problem  of  ventilating  ore  mines*  Ordinarily, 
lers  have  to  wait  for  the  smoke  to  drift  from  the  point 
Lbe  blast  was  fired  or  to  slowly  diffuse  itself  through 
ill  the  mines  before  returning  to  their  working  places. 
t  powder  produces  less  objectionable  gases  than  those 
ig  from  the  use  of  giant  powder  (dynamite)  or  any 
njtro glycerine  explosives.     All  explosives  give  off  a 

amount  of  foul  gas,  and  particularly  when  imper- 
Dumed.  It  occasionally  becomes  necessary  to  experi- 
before  the  mine  authorities  can  determine  which 
ive  will  give  the  best  restUts  for  their  mines,  Ordi- 
ases  given  off  from  the  explosives  are  carbon  dioitide, 
in,  carbon  monoxide,  and  hydrogen;  some  of  the  high 
ives  give  other  compounds.  Nitrogen  is  the  inert 
the  atmosphere,  and  neither  it  nor  the  carbon  dioxide 
souDUs,  though  neither  will  support  life.  Carbon 
ide  is  a  highly  poisonous  gas  and  the  hydrogen  is, 
thing,  slightly  poisonous.  Explosives  that  produce 
IE  but  carbon  dioxide  and  nitrogen  are  the  least 
bmible,  and  those  that  produce  the  maximum  amount 
bon  monoxide  are  the  most  objectionable.  Some 
ives  also  produce  various  sulphur  gases  or  fumes, 
namttes  send  into  the  air  about  25  per  cent,  of  their 

of  solid  matter, 

&c«3r  of  Timbers*— Another  cause  for  the  pollia- 
ae  air  to  be  considered  is  the  decay  of  timbers 
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This  is  not  only  a  deoxidizing  effect,  with  the  evolution  of 
carbon  dioxide,  but  the  timber  may  putrefy,  resulting  in  the 
emanation  of  various  noxious  gases.  When  timbers  left  in 
an  old  mine  decay,  they  have  been  known  to  produce  explo- 
sive gases,  which,  when  the  workings  have  been  broken  into, 
have  rushed  in  on  the  miners,  sometimes  producing  disas- 
trous explosions.  In  many  instances,  the  removal  of  decay- 
ing timber  cannot  be  accomplished;  but  so  long  as  there  is  an 
offensive  smell  arising  from  such  sources,  an  additional  supply 
of  air  is  needed  to  prevent  injury  to  the  health  of  the  men. 

76.  Dust. — Metal  mines  are  more  likely  to  be  very  wet 
than  too  dry,  but  there  are  some  that  are  very  dry.    The 
dust  resulting  from  the  handling  of  ore,  from  drilling,  and 
from  blasting  in  a  dry  mine  is  liable  to  be  very  sharp  and 
injurious  to  the  lungs  of  the  workmen,  if  not  actually  poison- 
ous chemically.     For  its  removal,  it  must  therefore  either 
be  damped    by  water  or   quickly  removed   by  currents  of 
air.     The  dust  of  mines  may  be  actively  poisonous,  as  for 
example  that  found  in  lead-carbonate,  arsenical  and  antifflo- 
nial   gold  and  silver,  and  cinnabar  mines.     Such  dust  may 
be  removed  by  good  ventilation.    The  upper  levels  of  amine 
may  originally  have  been  wet,  but  the  working  of  the  lower 
levels   may  have  drained  them  so  thoroughly  as  to  render 
them  quite  dusty  and  unhealthy.      Miners'   asthma  results 
from  fine  stone  dust  and  lamp  smoke,  which  accumulate  lO 
the  lungs.     It  is  a  fact  that  coal  miners  live  longer  than  ore 
miners,  and   this  is  only  to  be  accounted  for  by  the  former 
having  better  air  to  breathe. 

77.  Explosive  (wases. — Marsh  gas  (the  principal  coD* 
stituent  of  the  firedamp  of  collieries)  is  the  most  important 
explosive  gas  met  with  in  the  mines.  It  is  derived  from  die 
decomposition  of  carbonaceous  matter  not  necessarily  coal- 
but  might  be  derived  from  natural  sources  such  as  petro- 
leum, asphaltum  products,  old  timbers,  or  other  sitnila^ 
matter.  It  may  accumulate  in  the  interstices  of  the  roclts, 
and  subsequently  in  the  openings  of  the  mine,  in  sufficient 
quantities  to  produce  an  explosion  when  ignited. 
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ases  are  not  usuallv  looked  for  or  provided 
ct  in  ore  mines,  and  yet  there  are  a  number  of  dis- 
M  explosions  on  record.  Marsh  g^s  has  been  found  in 
lines,  iron-ore  mines,  sulphur  mines,  and  in  some  of 

I  silver  mines,  particularly  in  California*     It  may  be 
R  when  an  inflammable  or  other  injurious  gas  has 
Covered  in  a  mine,  that  an  additional  supply  of  air 
He  tt  is  imperative. 

Cnder^ronnd  Teinperattire^ — ^Below  the  surface 
earth,  the  temperature  gradually  rises.  This  rate  of 
I^Jias  been  variously  estimated,  and  was  formerly 
^p^  P\  for  every  60  feet  of  descent;  but  later  obser- 
Pnave  shown  that  the  increase  is  generally  much  less 
and  1°  in  100  feet  would  be  considered  a  sharp  rise, 
irse.  there  are  exceptions  to  the  rule:  and  some  work- 
i  regions  that  have  been  subjected  to  volcanic  action  or 
ti  hot  springs  may  be  extremely  hot  at  comparatively 
W  depths.  Men  have  worked  where  there  was  a  rock* 
Iter  temperature  of  150^  F*,  but  they  had  to  be  sup- 
mth  ao  abundance  of  fresh  air  and  could  only  work 
ute  shifts  before  going  to  a  cooling  room.  In  extreme 
the  intake  pipes  have  passed  through  ice  water  (as, 
tance,.  at  the  consolidated  Virginia  mine  in  Nevada), 
temperature  of  shallow  minest  if  not  raised  artiAcially, 
Icr  in  summer  than  that  of  the  surface  and  warmer 
be  surface  in  cold  weather;  usually,  it  is  only  at  con- 

k depths  that  the  temperature  is  higher  than  the 
1  the  year  around.  Where  there  are  marked 
i  surface  temperature  between  day  and  night,  it 
Ppens  that  at  night  the  air  in  the  mines  is  warmer 
^arface;  while  during  the  daytime  the  reverse  is 
'  All  these  facts  have  an  important  bearing  on  the 
I  or  artificial  ventilation  of  ore  mines,  since,  unless 
ted  I  the  air-current  will  travel  in  one  direction,  and 
e,  or  there  may  be  no  ciu^rent  of  air  traveling 
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NATURAL.    VENTILATION 

79.  In  the  great  majority  of  ore  mines,  natural  venti- 
lation is  depended  on  entirely;  and  in  small  mines,  it  is 
often  allowed  to  take  care  of  itself,  although  the  adoption  of 
simple  cheap  arrangements  for  controlling  the  natural  air- 
currents  would  greatly  improve  the  conditions.  As  mine 
workings  are  extended,  the  connections  that  are  made  for 
developing  the  ground  or  for  convenience  of  handling  ore 
waste  and  water  can  be  used  to  assist  in  ventilation.  Where 
mines  have  a  hoisting  plant,  the  movement  of  the  cars 
or  cages  will  stir  up  the  air  and  possibly  assist  natural 
ventilation. 

In  case  there  is  an  air-compressor  plant  for  air  drills,  the 
exhaust  from  the  drills  will  afford  some  slight  aid  to  natural 
ventilation,  particularly  at  the  face  where  drills  are  worked. 
Even  when  starting  a  mine  in  ordinary  rock,  without  know- 
ing in  advance  to  what  extent  the  workings  are  to  be  carried, 
a  small  compressor  plant  is  sometimes  set  up  so  that  the 
use  of  air  drills  may  expedite  the  work  of  development. 
Too  much  importance  is  given  to  the  ventilation  of  workins:s 
by  air  drills,  as  they  are  only  serviceable  where  used  and 
not  very  effective  there.     It  is  usually  best  to  avoid  putting 
in    fans    or   blowers,    together   with    the  connecting  pipes, 
unless  this  becomes  absolutely  imperative;  this  is  especially 
true  in  a  case  where  the  mine  has  no  other  machinery.     How- 
ever, y:ood  air  must  be  furnished  the  men  if  good  work  is 
wanted.     Using  ^as  or  gasoline  engines  below  ground  to 
drive  blowers  is  bad  practice,  even  when  the  workings  are 
not  deep,  as  carbon  dioxide  from  the  exhaust  will  invariably 
go  to  the  lowest  point  in  the  mine. 

80.  Goiioral  rrlnclples. — The  theory  of  mine  ventila* 

tion  is  based  on  the  following  principles: 

1.  Air  heated  abcn^e  the  temperature  of  the  surrounding 
atii^^splicre  at  a  liiven  level  becomes  expanded  and  there- 
fore lij^hter  and  has  a  tendency  to  rise;  cooler  air  sinks  for 
the  opposite  reason,  and  thus  a  current  of  air  is  established 
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2.  Dtf fusion  is  the  tendency  of  two  or  more  gases  of 
Hfifereiil  densities,  but  originally  of  like  temperatures,  to 
Kcrotne  tmiformly  mixed,  without  regard  to  difference 
id    ^weight. 

3-  Con  recti  on  is  the  tendency  of  currents  of  different 
icmperalures  to  seek  an  equilibrium  of  temperature*  and  in 
th^  circulation  thus  produced  to  approach  the  uniformity  of 
temperature  within  a  closed  space. 

The  first  principle  explains  the  movement  of  the  main 
cttn"ents  in  the  mine,  for  the  air  becoming  wanner  has  a 
lenclency  to  rise  and  thus  allow  a  supply  of  colder  air  to  take 
its  place*  The  greater  the  differences  in  temperaturei  the 
more  rapid  will  be  the  movement  of  these  main  ventila- 
ting^  currents*  Diffusion  and  convection  together  explain 
rwhy  powder  smoke  and  foul  air,  in  the  absence  of  appre- 
|il>le  ventilating  currents,  slowly  become  diluted  through 
mine  air,  so  that  while  the  whole  body  of  air  is  vitiated, 
^t  4t  the  place  where  the  blast  was  fired  or  the  foul  air 
roduced  becomes  in  time  diluted  enough  to  be  breathed- 

81,  Wetitlit  of   Air. — Natural  ventilation  depends  on 
he  difference  in  temperature  between  the  air  outside  and 

liuside  the  mine;  in  other  words,  the  difference  in  weights 
etween  two  columns  of  air  having  different  temperatures. 
It  has  been  aiicertained  by  experiment  that  the  weight  of 
i  ciibic  foot  of  air  at  32^  F*  and  under  a  barometric  pressure 
^f  30  incheSt  is  .08073  pound.  Air  is  not  so  heavy  at  high 
Ititudesas  at  sea  level,  and  its  weight  changes  considerably* 

82,  Atiuospherle  Pressure. — The  atino6*plierlo 
insure  is  the  pressure  due  to  the  weight  of  the  atmos- 

aere.     It  is  measured  by  the  barometer,  and  this  gives 

le    to    the     synonymous     term     baronietrlt*    pressure. 

Atmospheric  pressure  is  usually  stated  in  pounds  per  square 

while  bm'oraetric  prejisure    is    stated    in    inches    of 

caryr    Thus,    at  sea   level,    the    atmospheric    pressure 

ler  normal  conditions  of  the  atmosphere  is  14,7  pounds 

Br  square  inch,  while  the  barometric  pressure  at  the  same 

*vel  is  30  inches  of  mercury  column,  or  simply  30  inches. 
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table:  I 

WEIGHT    OF    DRY    AIR 


Weisrhtof  1 

Cubic  Foot  of  Dry  Air.  in  Pounds  Avoirdupois 

Temperature 
Decrees  P. 

Barometer 

Barometer 

Barometer 

Barometer 

t 

B'27 

^-28 

^»29 

B'3o 

Inches 

Inches 

Inches 

Inches 

o 

.07796 

.08085 

.08373 

.08662 

5 

.07718 

.08002 

.0S285 

.08569 

lO 

.07631 

.07914 

.08196 

.08478 

15 

.07550 

.07830 

.08109 

.08388 

20 

.07470 

.07747 

.08023 

.08300 

25 

.07393 

.07667 

.07941 

.08215 

30 

.07318 

.07589 

.07860 

.08131 

32 

.07288 

.07558 

.07828 

.08073 

35 

.07244 

.07512 

.07780 

.08048 

40 

.07171 

.07435 

.07701 

.07967 

45 

.07099 

.07362 

.07625 

.07888 

50 

.07031 

.07291 

.07551 

.07S11 

55 

.06960 

.07219 

.07477 

.07735 

60 

.06895 

.07150 

.07405 

.07660 

65 

.0^)828 

.07081 

.07324 

.07587 

70 

.0^)766 

.07016 

.07266 

.07516 

75 

.06701 

.06949 

.07197 

.07445 

80 

.06648 

.06884 

.07130 

.07376 

85 

.06576 

.06820 

.07064 

.07308 

90 

.06519 

.06760 

.07001 

.07242 

95 

.06490 

.06699 

.00938 

.07177 

100 

.06401 

.06638 

.06875 

.07112 

no 

.06288 

.06521 

.06754 

.069S7 

120 

.06180 

.06409 

.06638 

.06867 

130 

.06075 

.06300 

.06525 

.06750 

140 

•05974 

.06195 

.06416 

.06637 

150 

.05874 

.06092 

.06310 

.06528 

160 

.05781 

.05995 

.06209 

.06423 

170 

.05688 

.05899 

.06110 

.06321 

180 

.05601 

.05808 

.06015 

.06222 

190 

.05514 

.05718 

.05922 

.06126 

200 

.05430 

.05631 

.05832 

.06033 

220 

.05271 

.05466 

.05661 

.05856 

240 

.05119 

.05309 

.05498 

.05688 

260 

.04978 

.05162 

.05346 

.05530 

280 

.04840 

.05020 

.05200 

.05380 

300 

.04714 

.04888 

.050^)3 

.05238 

350 

.04423 

.04587 

.04751 

.04915 

400 

.04166 

.04321 

.04475 

.04629 
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Zi*  — 


The  weight  of  1  cubic  foot  of  dry  air  at  any  temperature 
:id  barometric  pressure  is  found  by  means  of  the  formula 

L3258  X  ^ 
460  +  / 
which   w  =  weight  of  1  cubic  foot  of  dry  air; 

B  ^  barometric  pressure,  in  inches  of  mercury; 
/  =  temperature,  in  degrees  Fahrenheit. 
The  constant  U253  is  the  weight,  in  pounds  avoirdupois, 
1  cubic  foot  of  dry  air  at  an  absolute  temperature  of  1^  F. 
id  1  inch  barometric  pressure* 

£3LAMt*l^. — Find  the  weight  of  1  cubic  foot  of  dry  air  at  a  tempera* 
ftre  of  00^  F,  and  a  barometric  pressure  of  30  iDcbes, 
SoLtrriox. — 

Table  I  gives  the  weight  of  1  cubic  fool  of  dry  air  at 

fareiit  temperatures  and  barometric  pressures,  as  calcu- 

,,.,,.  1  1.8253  X  B 

ited  by  the  formula  w  = — - — . 

459  +  / 

83«     Air,  or  Motive^  CoLumns. — To  illustrate^  graphic- 
ally, the  movement  of  air  throui^h  mines*  Fi^,  65  is  taken 

the  assumption  is  made   that  the   air  in   the  mine  is 

:ier  than  outside*     Assume  a  to  be  the  intake  airway 

^nd  d  the  upcast »  or  outlet*  airway;   the  air  will  circulate 

ruru  a,  through  f,  and  out  at  ^,     Suppose  the  air  in  the 

line  to  be  7o^  F.  with  the  barometer  standing  at  30  inches, 

rhile  with  the  same  barometer  reading  the  air  outside  the 

line  has  a  temperature  of  40*^  F.     From  Table  I  the  differ- 

ice  in  the  weight  of  1  cubic  foot  of  air  at  40°  F.  and  75°  F. 

,07967  -  ,07445  ^  .00522  pound,  so  that  if  the  shafts  were 

0  feet  deep   there  would  be  a  pressure  of  ,00522  X  200 

1*044  pounds  per  square  foot  more  from  the  weight  of  the 

>lumn  of  air  in  shaft  a  than  in  shaft  *•    This  is  termed  the 

calutut]^  and  has  to  overcome  friction  due  to  the  air 

against  the  walls  of  the  eKcavation  in  order  that  a 

ilaiion  may  take  place. 

Talcing  Fig*  65  again  as  an  illustration,  if  the  air  outside 

|c  mine  in  warmer  than  that  inside,  the  ventilation  will  be 
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stag:nant,  as  no  air  would  move.  This,  however,  would  not 
be  the  case  if  one  shaft  were  longer  than  the  other,  for 
which  reason  a  wooden  chimney  is  constructed  over  one 
shaft.  If  the  last  expedient  is  not  efiEective,  artificial  means 
should  be  adopted  to  create  a  circulation  of  fresh  air. 

Frlctloii  has  considerable 
bearing  on  the  movements  of 
air  in  mines;  for  instance,  it 
increases  as  the  square  of  the 
velocity  and  the  length  of  the 
rubbing  surface,  and  is  in- 
\  versely    proportional    to  the 

Fio.  65  sectional  area  of  the  passage 

through  which  the  air  moves.  The  deductions  from  these 
statements  are  that  the  areas  of  airways  influence  the  circula- 
tion and  that  the  length  of  airways  influences  the  circulation; 
in  fact,  the  flow  of  air  through  mines  follows  laws  somewhat 
similar  to  the  flow  of  water  through  pipes.  To  increase  the 
quantity  of  air  going  through  an  airway  of  a  given  area,  the 
power  must  be  largely  increased  to  gain  the  velocity  neces- 
sary and  overcome  the  friction,  which  increases  as  the  square 
of  the  velocity.     It  is. 


therefore,  a  good  plan 
to  have  main  airways 
as  large  as  possible  and 
split  the  air;  that  is, 
carry  it  from  the  main 
intake  airway  to  more 
than  one  level  to  sup- 
ply the  wants  of  the  men  and  not  attempt  to  carry  the  air  ii^ 
a  continuous  circuit  so  as  to  have  the  same  air  reach  eaci^ 
working  place  in  rotation,  as  is  so  frequently  done. 


Pio.  M 


84.     Air    on    Levels. — Let    Fig.   66   represent  a  lev^ 

driven  from  a  shaft.  Since  there  is  no  opportunity  for  tk^^ 
heated  air  to  rise  and  move  away,  it  is  evident  that  t^ 
diffusion  and  convection  the  air  from  the  shaft  will  soc^ 
reach   a  point  a  that  limits   its  circulation,   as   shown.    ^^ 
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irder  to  induce  the  air  to  move  to  the  face  i*  an  artificial 
lir-current  mast  be  established.  This  might  be  done  by 
priving  a  winze ^  as  shown  by  the  dotted  lines  at  a  and  then 
the  air  would  take  the  direction  shown  by  the  dotted  lines  to  ^, 

^^    When  the  working  place  is  a  raise,  Fi^.  67,  it  is  evident  that 

^Hie  foul  warm  gases  will  remain  at  the  top  of  the  winze  and 

^Khat  the  nature  ot  the  excavation  pre- 

^■reolB  things  from  improving,  so  that 

^BrtiUcia]    means   must    be   adopted    if 

^Khe   men  are  to  work^  since  diffusion 

Band  convection  are  very  slow  to  act  in 

stich  instances, 

8o«     Blmple  TestB    for  Clretiln- 

KIciu* — The  direction  of  the  air-currents 
Ol  otherwise  perceptible  in  horizontal 
rorkings  may  be  ascertained  by  observing  the  flame  of  a 
candle.  In  a  drift,  the  candle  should  first  be  placed  on  the 
^^Qor»  to  test  the  lower  current  *  and  then  fixed  near  the  roof, 
^Bd  test  the  upper  current.  The  direction  of  the  air-current  is 
^Bidicated  by  the  way  the  flame  bends.  The  velocity  of  the 
PP^nrrent  can  be  found  by  burning  a  little  powder  at  one  point j 
a  second  observer  at,  aay,  lOO  feet  away  observes  the  lime 
^■required  for  the  smoke  to  reach  him,  The  time  required  for 
^Kmses  from  a  bla«it  to  reach  a  given  point  may  also  be  noted* 

^p  86*  Uticouueetea  Workltigrs. — It  might  be  thought 
that  there  is  no  chance  for  ventilation  in  the  case  of  uocon* 
nected  workings;  but  so  small  are  the  differences  required  to 

,  *et  up  a  current  that  wherever  work  is  going  on  the  air  is  not 

ibsolotely  dead*     At  the  heading  of  a  ttmnel,  air  i%  heated 

py  the  burning  lights  and  the  animal  heat  of  the  men*     This 

ji'r  rises  to  the  roof,  drawing  in  cooler  air  at  the  bottom  to 

rPlace  tt;  and  if  the  tunnel  is  not  too  long,  there  will  be  a 

^n tie  outward  flow  along  the  roof  to  the  mouth  of  the  tunnel 

^^    an  inward  flow  along  the  tloor.     This»  for  a  certain  dis- 

*c«,inay  suffice*     When,  however,  the  up  grade  of  a  tunnel 

^s  the  heading  too  far  above  the  mouth,  this  movement 

^topped  and  the  air  at  the  face  becomes  permanently  bad, 
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requiring  artificial  ventilation.  The  movement  of  air  is  down 
the  sides  of  the  shaft  into  the  mine  and  upwards  through  the 
central  portion  of  the  shaft;  but  for  extended  workings  this 
is  greatly  increased  by  dividing  the  shaft  into  compartments, 
one  compartment  being  a  downcast  and  the  other  an  upcast. 

87.  Tunnel  Connected  Wltli  a  Sliaft. — Fig.  68  illus- 
trates a  shaft  connected  with  a  tunnel.  If  the  temperature 
of  the  mine  is  above  that  of  the  atmosphere,  the  air  will 
have  a  tendency  to  flow  from  a  through  the  tunnel  to  b,  and 
becoming  heated,  rise  from  the  shaft  from  b  to  c.  When  the 
temperature  of  the  atmosphere  is  above  that  of  the  mine, 
the  current  will  be  reversed  and  will  flow  from  c  down  to  h 
and  out  at  a.     The  direction  of  the  current  would  have  been 


Pig.  68 

the  same  if  in  place  of  the  tunnel  there  had  been  a  shaft  at  a 
connected  with  the  shaft  r^  by  a  drift  at  some  distance 
below  the  surface.  In  other  words,  if  there  were  no  other 
factors  entering  into  the  problem,  when  the  temperature  of 
the  mine  is  above  that  of  the  atmosphere,  the  current  will 
always  flow  in  at  the  lowest  point  and  out  at  the  highest, 
and  a  reversal  of  the  conditions  as  to  temperature  will  reverse 
the  current.  Unfortunately,  there  are  many  other  factors 
that  enter  into  the  problem,  and  an  engineer  who  has  planned 
the  connections  with  a  view  of  having  the  shaft  through 
which  the  men  pass  in  and  out  the  upcast  and  the  other  shaft 
the  downcast  may  be  disappointed  by  finding  the  conditions 
reversed.  This  does  not  argue  ignorance  of  the  laws  of 
physics,  or  signify  that  there  is  any  mystery  about  the  prin- 
ciples, but  only  that,  in  a  problem  of  much  delicacy,  the 
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tssarsr  data  are  not  always  obtainable  with  precision, 
fhis  difficulty,  instead  of  discouraging  the  projector,  should 
Hmulate  him  to  make  the  most  careful  observations  and 
iferences  before  planning  new  connections  for  ventilation, 

making  plans,  it  is  always  best  to  have  the  men  use  the 

[!ast  for  the  passagewayi  and  if  possible  to  place  the  steam 
tpes,  etc*  in  that  shaft  or  compartment.  The  miner  cannot 
jme  or  go  in  the  dark  and  if  he  moves  against  the  current 

inhales  considerable  lamp  smoke,  which  is  not  beneficial; 
111  when  he  stops  for  breath  he  is  in  a  cool  draft  and  liable 

other  dangers.  On  the  other  hand,  it  may  be  said  that 
><il  fresh  air  will  not  exhaust  him  as  much  as  warm  bad 

that  has  been  through  the  mine;  this  is,  in  a  measure, 
le,  but  the  lamp  smoke  is  more  injurious  than  the  foul  air, 
id  this  added  to  the  chilling  effect  of  the  cool  air  probably 
itweighs  any  other  consideration.  When  men  are  hoisted 
1  rough  an  inclined  shaft  in  special  carriages,  the  hoisting 
laft  must  be  an  upcast  during  the  winter,  for  were  it  a 
>wficast  icicles  might  form  and  by  falling  injure  the  men. 
)n  this  account,  some  mines  that  tise  this  method  of  hoist- 
ig  make  provision  for  the  building  of  fires  in  the  upper 
tvels  near  the  top  of  the  shaft  through  which  the  men  are 
foisted,  and  by  this  means  warm  the  air  and  thus  make  sure 
lat  the  current  will  always  be  an  ascending  one« 

88,  Dlsinrblnitf  Iiifliiene*^©, — The  wind  may  exert  a 

itsturbing  influence  on  the  direction  of  the  ventilating  cur- 
^nt;  for  instance,  a  high  wind  striking  in  at  the  mouth  of  a 
10 eel  or  deflected  down  a  shaft  by  a  hillside  or  by  buildings 
jay  cause  tlie  air -current  to  be  reversed.    The  heat  from 
le    underground    engines,   steam    pipes,    etc,  causes    local 
listxirbanccs  of  temperature,  which  generally  assist  ventila- 
pont  though  in  rare  cases  may  retard  it.     The  movement  of 
I,  carSt  pump  rods,  balance  bobs,  etc,  and  of  rock  in 
%t  also>  has,  on  the  whole,  a  beneficial  efTect,  though  a 
lonary  cage  or  car  may  temporarily  block  the  circulation. 

89.  6oll»r«. — There  are  several  ways  in  which  natural 
irentJlaiion    may  be   accelerated    and   properly   distributed 
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without  much  expense  or  trouble.     The  most  common  of 
these  are  for  g^^'vemingr  the  currents. 

Horizontal  partitions  in  drifts  or  along:  main  galleries  by 
which  the  heated  air  from  the  working  face  is  led  out  to  the 
tur.nel  ir.outh  or  discharged  into  an  upcast  shaft  are  tenned 
>o1lur»«.  They  are  made  of  lag^jing  or  boards  and  are  placed 
rather  close  to  the  roof.  They  assist  the  air  movement,  bnt 
h.ivf  great  Lli>advaniages,  and  hence  are  seldom  used  in  ore 
mines.     Sonic  of  the  disadvantages  are  as  follows: 

1.     They  require  additional  headroom,  which  -  means  the 

excavation  of  a  drift  or 
a  gallery  considerably 
higher  than  otherwise 
needed,  together  with 
the  extra  expense  for 
labor,  explosives,  and 
additional  length  of 
props. 

2.  The  introduction 
of  any  woodwork  other 
than  that  actually 
needed,  and  especially 
woodwork  of  such  light 
and  inflammable  char- 
acter and  in  such  an 
exposed  position,  is 
objectionable  on  ac- 
count r,f  \h(:  flnni^er  of  tire  and  its  cost.  The  wood  has  every 
oj)p.;ri unity  for  riryin^,^  out  and  becoming  ignited  on  small 
pTo-.(,«  .'itir,n.  I':-.  i;!»  illustrates  a  drift  having  a  sollar  formed 
hy  j)nitiii:'  lii.'i'«.s  />  below  the  regular  caps  c  and  placing* 
^1""'  "•;  tr.].  (.:  the  braces,  thus  providing  the  space  <i,  which 
i^  th'    ^"ll;,^  throu;,di  which  the  heated  air  from  the  mine 

flows    (.Ut. 

Snll.'ir-,  :\V('.  :\]<n  eonstructcd  along  the  floor  of  the  drift  of 
j:all't\'.  li"  ( f.nsi:i:rt('(]  fr.r  the  sake  of  ventilation,  theseare 
as  Ml)i(('ti«.:i:t!ile  :;>  the  (»thers.  but  when  constructed  in  con- 
nection with  the  water  drain,  they  may  be  tolerated  because 
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tsecessarf »     In  such  a  case,  however,  the  current  of 
Hysg  in  must  oppose  the  current  of  water  passing  out* 

JPferattlceB. — Brat  tleef»  are  vertical  partitions  extend- 
long  and  near  one  side  of  a  gallery  or  drift.  (If  the 
£c  is  wide,  the  brattice  may  be  in  the  center,)     Thef 

15  of  boards  or  cloth,  which  is  usually  tarred  to 
Its  rotting.  Brattice  cloths  are  considered  objection- 
ngr  a  dangerous  fire  risk,  and  consequently  do  not 
avor  in  metal  mines.  This  objection  is  not  reasonable, 
re  risks  may  be  minimized,  and  could  be  abolished 
\\f  by  the  use  of  prepared  cloth;  the  chief  objection 
obably  that  to  purchase  and  hang  the  cloth  would 
re  expense.  It  should  be  more  frequently  used,  as  it 
assist  ventilalion  and  thus  be  found  economical ,  as 
r  work  will  be  accomplished  by  the  men. 

*  Wooden  Air  Boxes,— Wooden  air  l>oxes  are 
Hfties  employed  and  are  much  better  than  brattices  or 
Ps.  They  are  roughly  made  and  do  not  have  to  be  abso* 
f  air-light.  They  are  usually  placed  in  the  upper  corner 
Irift  or  in  the  water  drain.  Their  use  adds  another  fire 
but  not  to  such  an  extent  as  when  wooden  brattices 
mployed.  If  used  for  return  air,  the  end  opening  into 
tiaft  should  be  extended  upwards,  so  as  to  give  a  slight 
ence  in  elevation  between  the  two  motive  columns; 

1^,    they    may    not    prove    serviceable.      In    some 
L  natural  ventilation  cannot   be    accomplished  by 
es;    in  which   cases,  hand   fans»  trompes,  or  other 
Bunust  be  employed. 

^Bfetal  PIplns^^Fipes  of  thin  metal  (either  tin  or 
^Kd  iron)  are  sometimes  used  as  air  conductors  into 
Rg  places  in  mines.  They  can  be  rectangular  in  section 
^nstially  round.  The  same  conditions  apply  to  their 
tre  mentioned  for  wooden  boxes. 

Cloth    Ho#ie-— Ventilation    is    sometjmei 

lihed  by  the  use  of  hose  made  from  canvas  or  other 

t  with  natural  ventilation  the  cross«section  hat  to 


I 


tm  ORE  MINI^ri^  §51 

he  made  ^o  larg^e  that  rhey  are  lor  orach  used.  They  arc  to 
he  recr>mmencie(i  for  raises  as  they  jun  be  readily  raised  and 
'.o'.vererl  when  necessary  zc  ::eaii  jur  smuke  or  afford  relief 
ro  men  in  the  top  or  the  raise.  Wlien  attached  to  a  small 
hiower.  their  etficacy  :s  most  aiarksd. 

04.  Air  r>oor^. — Air  fluop»  are  hoc  used  in  metal 
mines  to  srxh  an  extent  as  at  vicilieries.  but  when  a  mine 
ha.^  t'.vo  ^haft.=i  connected  by  a  aumber  ot  levels,  air  doors 
are  nece^-^ary  to  prevent  the  a:r-currents  from  cross-cniiing 
thro'.ijsrh  the  upper  levels,  and  :io  leavjiyr  the  lower  workings 
nn ventilated.  Air  door3  may  be  made  ot  boards  or  plonk, 
fitting  closely  to  a  frame  or  timber  support,  and  they  should 
always  be  5ie*.f-cIosing:.  A  simple  arnina:ement  is  to  hang  a 
curtain  of  canvas  across  the  gallery:  with  a  ;ood  air-cnrrcnl 
thi^  i^  not  ^atii^factory  and  on  levels  it  is  a  nuisance. 

if  if,  tA1U'f^'HhHtt  Compiartinents. — When  men  are 
hoi^r^id  on  en j/e ft,  it  is  considered  safer  to  line  the  shaft  com- 
partri.ont-v  with  hoards  or  planjts,  which  are  usually  set  verti- 
rjally  with  hutt  joists;  but  when  the  hoistini:  shaft  is  also  used 
for  vcutilatinL'.  lined  compartments  have  decided  advantages. 
In  cases  of  ( mrr  accidents,  or  when  it  is  desired  to  pass  froni 
the  caj^f;  coiupartmf:nt  to  another  portion  of  the  shaft,  as  to 
the  water  coliirrjfi  (for  inspection  of  repair  work)  it  is  more 
convenient  to  have  no  lining  inside  of  the  shaft  timbers,  and 
this  is  th'-  nmial  custom  in  ore  mines.  When  there  are 
several  conipartinents  for  hoisting,  they  are  usually  unlined. 
The  comi)artinent  containing  the  water  column,  steam  pipes, 
etc.  is  fre^iiiently  lined  and  used  as  an  upcast,  the  air 
passing  down  through  the  hoisting  compartments.  When 
this  is  done,  air  doors  would  be  needed  at  the  stations  and 
especially  at  the  bottom  level. 

96.  CliIiiiiir.vH.-- If  the  upcast  does  not  draw  well 
enoug^h  to  furnish  a  good  supply  of  air,  a  chimney  built 
over  it  will  correct  the  fault.  This  may,  however,  interfere 
with  other  arrangemetUs,  and  then  a  chimney  should  be  built 
over  a  shaft  connecting  with  the  first  level;  or  a  level  may 
be  run  purposely  to  connect  with  the  shaft  to  the  mine»  and 
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lith  a  shallow  shaft  sunk  for  ventilation.  In  such  cases*  the 
*iiiilation  may  be  very  much  increased  by  having  a  fire  in 

lie  chimney*  The  height  of  the  chimney  need  not  be  great, 
it  it  should  be  sufficiently  high  to  afford  a  motive  column. 

Is   the  works  extend,   the  height  of  the  chimney  may  be 

pcrcased,  though  it  is  better  to  build  a  fire  in  them. 

07.  Il<ui»ut1  Shaft  g. — When  a  shaft  has  a  house  built 
^er  it  to  protect  the  men  and  the  machinery  from  severe 
inter  weather,  the  mine  ventilation  should  not  be  over- 
liked,  If  the  shaft  is  an  upcast,  there  should  be  a  hood, 
tlity,  L>r  cupoIa-Iike  structure  in  the  top  of  the  shaft  house 
allow  free  escape  of  the  mine  air  and  vapor;  if  ife  is  a 
>wncast,  the  air  admitted  shoiild  be  fresh  and  free  from 
loke  or  dust.  Shafts  with  houses  erected  over  them  are 
jt  recommended  ou  account  of  dang^ers  arising  from  fire. 
leir  only  excusable  use  is  during  the  temporary  work  of 
iking  new  shafts. 

iJI8*  Wlnil  HttUsi*— Fresh  air  may  be  forced  to  the  bot- 
|m  of  a  shaft    of  moderate  depth   by  setting  up  funnel- 

iped  ventilators  that  can  be  turned  to  face  the  wind, 
|d  connecting  tltem  with  the  shaft  bottom  by  means  of 
£s  or  large  canvas  hose.     This  is  a  simple  and  couve- 

tni  makeshift  to  use  while  sinking  uncovered  shafts  100 

200  ftet  deep. 

[99^  Kf feels  of  Wiiter  on  Ventilation. — ^When  a  mine 
[wet,  the  water  may  assist  in  its  ventiiation.     For  instance, 

water  Is  dripping  down  a  shaft,  the  upcast  may  be  lined 
Id  the  water  kept  from  passing  down  through  it.  The 
Iter  dripping  down  the  other  corripartments  of  the  shaft 
pi  have  a  tendency  to  cany  air  with  it*  thus  crenting  a  cur- 

It  down  the  hgisting  compartments  and  up  through  the 
^mpartment  that  is  lined.     When  sinking  in  advance  of 

rular  mine  work,  whatever  water  has  a  tendency  to  flow 
\wn  ihrnngh  the  shaft  may  be  confined  in  a  wooden  box  or 

inder;  and  if  this  is  made  of  sufficient  sise  the  current  of 
Iter  will  carry  air  with  it.  thus  ventilating  the  bottom  of  the 

ift*     If  water  is  allowed  to  flow  from  one  level  of  a  mine 
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to  another,  the  downward  flow  can  be  confined  to  the  winzes 
or  shafts  that  are  intended  as  downcasts,  the  upward  current 
of  air  passing:  through  other  openings.  In  this  way,  the  fall- 
ing water  can  be  made  to  assist  in  the  ventilation  of  a  mine. 

100.     AdvantuKes  and   Disadvantages    of   Natural 
Ventilation. — Wherever  it  is  practicable  to  get  along  with- 
out the  use  of  blowing  or  suction  machinery,  the  ore  miner 
will  inevitably  do  so.     Natural  ventilation  has  the  advantage 
that  it  costs  nothing  after  the  connections  are  once  made 
and  it  takes  care  of  itself  for  the  most  part.     But  it  is  often 
insufficient;  it  is  not  always  reliable,   fluctuating  with  the 
weather,  the  time  of  day,  the  wind,  and  artificial  disturbing: 
causes;  and  while  it  costs  nothing  for  maintenance,  it  maT 
require  a  considerable  initial  outlay  in  making  connections 
or  sinkinji:  (or  raising)  air-shafts  that  would  not  otherwi^^ 
be  needed.     As  against  this  latter  point,  it  may  be  remarked 
that  most  of  the  work  in  developing  fits  in  with  that  done  t- 
gain  air  connections  and  vice  versa. 

All  ore  mines  are  started  on  the  basis  of  natural  vent 
lation.     When    that    becomes    unsatisfactory,    the    varioi^* 
assisting    expedients    come    into    play. 


ARTIFICIAL    MEANS    OF    VENTILlATION 

101.     Tronipo. — When  natural  draft  (assisted  by  simpl   ^^ 
means)  is  insufficient,  metal  mines  require  artificial  ventil^*-  '^ 
tion.     In  some  regions,  ventilation  has  been  secured  byth-  ^^^ 
use  of  a  troinpe,  or  waterfall  ventilator.     This  is  illustrate  ^^^^'^ 
by  Fig:.  "0,  in  which  JF  represents  the  water  flowing  throng  ^^^ 
the  trough  L  on  to  the  screen  G,     This  screen  breaks  th-^ 
water  into  a  shower  of  drops  or  fine  streams  that  fall  on  tV»-^ 
(lashbr)ards  P.     This  shower  of  water  being  deflected  fro^"*^ 
one  dashboard  to  another  becomes  beaten  into  a  spray,  and  ^ 
its  descent  draws  air  through  the  openings  A,     After  leavi^^ 
the   last  dashboard,  the  water  falls  through  the  remain^^ - 
of  the  tube  to  the  trap  \V  7\  from  which  it  overflows  a^ 
escapes.      During  this  long  fall,  the  water  acquires  a  consi^ 
crLible  velocity,  causes  a  vacuum  behind  it,  and  compress^ 
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Lir  before  it,  thus  causing^  rapid  currents  in  through  the 
jpenirigs  A  and  out  through  the  discharge  pipe  K  While 
he  trompe  is  not  used  in  many  American  ore  mines,  the 
jrinciple  is  of  great  assistance  in  the  ventilation  of  mines; 
lod  by  causing  the  mine  waters  (on  their  way  to  the  pump 
ev^Is  }  to  pass  through  certain  compartments  in  the  shafts  or 
hroiij^h  certain  small  shafts,  these 
^1  lt>o  made  downcasts;  by  keep- 
^m  tlie  water  from  passing  through 
?^ta  i  1  ar  compartments  or  shafts, 
bey    \^ill  become  the  upcasts, 

lOS*  Furiuice^  are  not  much 
used  at  metal  mines  as  they  are 
ian  gr^rotis  with  one  shaft  even 
unbare  little  timber  is  used.  When 
^^^bre  axe  two  shafts,  however,  they 
Say  "be  used  at  the  top  of  lined 
shafts »  or  at  the  bottom  of  unlined 

shafts   without  danger  and  with 

excellent  results. 

1C>3»     Maclilne  Yentllatorft* 
^ScHines  used  for  ventilating  ore 
[lities  may  be  divided  into  three 
saes:  ro$npressors,   bi(m*ers,  and 

^'      Compressiors, — ^Air  compres- 

\  *^^*  ^re  never  installed  for  venti- 

Uimg  purposes  only»  but  when 

tt*<:d  lor  driving  air  drills  or  other 

OQdcrground  m achiner y ,  they 

niniiKh  a  large  amount  of  air  to  the  workings,  and  may  thus 
^  considered  as  veotilatmg  machines*  Then»  again,  when 
^^'^  pipejj  are  ia  use  in  a  mine,  branches  may  be  taken  from 
th<isc  pipes  to  ventilate  certain  sections  or  portions  where  the 
if^Msor  other  machinery  driven  by  compressed  air  are  not  in 
wife*  /V "  'i  the  air  pipe  is  small,  it  carries  a  great  deal 
0*  lir  1  t^d  by  its  expanding  volume  at  attuospheric 
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pressure).  The  delivery  at  the  drills  is  usually  about  70 
pounds  per  square  inch;  and  when  this  air  is  released  it 
expands  and  becomes  cooler,  thus  reducing  the  temperature 
at  the  working  face.  At  times,  when  the  drills  are  not  run- 
ning, a  small  amount  of  air  may  be  allowed  to  pass  throug:h 
the  air  hose,  thus  furnishing  the  men  with  the  necessary 
ventilation;  and  when  powder  smoke  is  to  be  removed,  the 
full  head  of  air  may  be  turned  on  for  a  few  moments. 

2.  Blowers, — The  positive  rotary  blowers  take  in  and  dis- 
charge a  given  amount  of  air  at  each  revolution;  Fig.  71 
illustrates  one  of  this  type.  A  is  the  pulley  by  means  oi 
which  the  machine  is  driven;  B  and  C  are  cases  containing: 
gears  that  drive  the  upper  blower  shaft  from  the  lower  one; 
«,  b  are  the  impellers,  or  veins,  that  rotate  about  the  shafts r,^ 


Fig.  71 

in  such  a  manner  as  to  draw  the  air  in  at  g  and  drive  it  o^^ 
at  /.  as  shown  by  the  arrows;  e  is  the  cast-iron  case  sti^' 
rounding  the  impellers.     The  impellers  do  not  come  in  co^' 
tact  with  each  other  or  with  the  case,  but  are  simply  a  cl^^ 
working  fit,  the  two  shafts  being  kept  in  the  proper  relati^   , 
by  means  of  the  gears  in  the  cases  B  and  C     The  arro>^' 
shows  the  direction  of  rotation  of  the  shafts  and  also  ^'^ 
direction    of    the    air-current.     This    style    of    machine 


,^t 


<^ 


especially  useful    where    it    is   desired    to  furnish   a   giV 
amount  of  air  at  a  certain  point  in  the  workings  (usually 
long  distance  from  the  blower).     Blowers  of  this  class  h^ 
been  used  for  ventilation  when  driving  tunnels.     In  one  ca^^ 
the  air  pipe  was  carried  into  the  face  of  the  tunnel  and  t^ 
blower  could  be  operated  either  to  drive  fresh  air  in  or  ^ 
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dra-w  out  the  gases  resulting:  from  blasting.  Positive  blow-^ 
ers  can  force  a  large  amount  of  air  through  a  comparatively 
small   pipe  on  account  of  the  pressure  they  can  produce. 

3.        Fans. — American  practice  in  the  mechanical  ventilation 

of  miiaes  varies  widely  from  English  and  Continental  methods. 

Abroad,  they  adhere  to  the  large  low-pressure  cerTtrifugal  fans, 

of  which  the  Guibal  is  a  well-known  type.     These  large  fans 

are  well  suited  to  collieries,  as  they  handle  great  volumes  of 

air  at    low  pressure.     They  are  usually  run  as  exhaust  fans 

and  are  placed  at  the  side  of  a  shaft  mouth,  from  which  they 

suck    out  the  air.     Some  fans  of  this  class  are  as  much  a? 

50  feet  in  diameter,  and 

the    medium   sizes  would 

be  regarded  as  clumsy 

and  unnecessarily  large  at 

most  ore  mines.     They 

are  run  at  relatively  low 

speeds.     A  few  of  these 

large  fans  are  seen  at 

American  ore  mines,  but 

preference  is  given  to  the 

sniall  high-speed  fans. 

I^ans  are  used  more  fre- 

Q^ently  than  blowers,  and 

^^nie  of  them  develop 

P^'^ssures    or    vacuums  "^^1===-^     kjc,  -j 

^^niparable   with  blowers,  and  "hence  are  effective  for  the 

^^'^gest  distances  reached  by  mining. 

As  to  mode  of  action,  there  are  two   main  divisions  of 

lans — centrifugal  and  propeller;  the  former  class  is  the  more 

^^Portant.     A  simple  apparatus  like  the  paddle  wheel  of  a 

stde-wheel  steamboat  on  being  rapidly  rotated  will  produce 

\      a  tangential  movement  of  the  air  by  centrifugal  force,  the 

outgoing  air  being  replaced  by  air  drawn  in  at  the  center. 

This  principle    is    taken    advantage  of   by  a   multitude  ot 

devices  giving  improved  efficiency  over  that  obtained  by 

merely  beating  the  air  with  plain  flat  radial  blades  or  vanes. 

Pig.  72  illustrates  a  small  blower  fan  having  an  electric 
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motor  placed  inside  the  fan.  Machines  of  this  style  arc 
especially  adapted  for  working  in  comparatively  close  quar- 
ters and  for  delivering:  air  to  some  portion  of  a  mine  that 
could  not  be  reached  by  natural  ventilation. 

104.     Tli^  Ventilation  of  Isolated  Places. — For  fur- 
nishing; air  to  workmen  at  the  tops  of  raises,  or  in  rooms 
that  the  ordinary  ventilation  cannot  reach,  small  fans  are 
sometimes  placed  at  various  points  in  the  mine,  which  take 
air  from  the  intake  of  the  mine  and  force  it  to  these  unventi- 
lated  workings.     These  fans  may  be  driven  by  hand  or  are 
made  to  run  by  small  waterwheels  driven  by  the  mine  waters 
as  they  pass  from  one  level  to  another.     Fans  driven  by 
electric  motors  may  also  be  used  for  this  purpose.    Some 
mines  that  are  working  deposits  extending  over  considerable 
territory  in  one  direction  (as  the  drift  gravel  mines  of  Cali- 
fornia) employ  blowers  that  force  the  air  through  the  ttmnel 
and  to  the  working  face.     When  more  than  one  working  face 
is  being  operated,  the  air  pipe  may  be  branched  and  part  of 
the  supply  carried  to  each  face;  by  this  means,  the  workmen 
are  always  supplied  with  good  fresh  air. 


MINE    SANITATION 


IJNI)KRGR()UN1>    SANITARY    PRECAUTIONS 

105.  Air. — The  most  important  factor  in  mine  ssid^^ 
turn  is  the  air  that  the  men  breathe.  The  methods  of  securing 
pure  air  have  been  considered. 

10(>.     Water. — Next  in  importance  after  pure  airistl*-^ 
wator  that  the  miner  drinks.     In  many  mines,  the  nature- 
waters  flowing:  into  the  mine  are  unfit  for  drinking,  eith^^ 
on  account   of  the  chemicals  that  they  contain  or  becatis^ 
they  may  ])e  larp^ely  surface  waters,  carrying  more  or  1^^^ 
seweraj^e    from    tlic    mining    location.     In    either  case,  ^ 
miner  should  never  be   allowed   to  drink  the  undergroui* 
waters,  but  should  be  provided  with  fresh  and  pure  drinki^^ 
water. 
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07*     Powder   Smoke.^ — ^Powder    smoke    is   also   an 

ant  factor  in  mine  sanitation.  The  gases  produced 
e  forms  of  high  explosive  are  very  injurious  to  the 
ih  of  the  miners.  On  this  account,  the  mininif  anihori- 
ahould  procure  the  least  objectionable  explosive  that  will 
the  conditions  occurring  in  the  mine.  This  precaution 
•specially  necessary  when  men  are  forced  to  carry  on 
*k  where  there  is  oo  natural  or  artiticial  ventilation,  as  at 
head  ot  a  raise  or  at  the  end  of  a  prospecting  tunnel. 

08*     Animal   Filth, — ^The  presence  of  anlinttl  filth 

the  working  should  never  be  allowed  under  any  condi- 
s,  and  sinks  or  special  provisions  should  be  made  for  it. 
;se  should  be  placed  in  the  upcast,  or  return  airway,  and 
Uld  be  so  constructed  that  the  tubs  can  be  brought  to 
surface  and  cleaned  every  few  days.  This  is  one  of 
most  important  points  in  regard  to  mine  sanitation^ 
should  never  be   neglected. 


StTHFACE    PRECAOTIONS 

09*  Cha&ne  Houses.— After  the  miners  come  from 
rk  in  wet  mines,  they  should  always  change  their  wet 
hes  and  take  a  bath.  For  this  purpose,  the  mine  should 
Vide  a  dry,  or  change*  bouse*  This  may  be  a  separate 
^ing,  provision  being  made  for  drying  the  clothes  either 
ateam  heat  or  by  stoves*  The  change  house  and  its 
8  should  always  be  kept  in  good  order  and  as  clean  as 
ibie.  Lockers  should  be  provided  for  the  men  to  keep 
•  surface  clothes  in,  and  an  attendant  should  always  be 
fearge  of  the  house*  This  change  house  should  never 
llowed  to  become  a  loafing  or  smoking  place,  or  con- 
vermin, 

L  0.  Sffi  ri  I  In  r  y  A  rrn  ii  irc  ni  e  ti  t  s  a  t  1 1 1  e  M 1 1  j  a  fjoea  t  i  o  n . 
^e  mine  owns  the  houses  in  which  the  men  live,  these 
W  he  so  placed  that  they  will  have  a  good  natural 
^^tge;  and  if  this  is  not  the  case,  sewers  or  drains  should 
rijvided.     Care  *ihuuld  be  taken  in  regard  to  the  water 
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supply  for  the  mine  location,  as  imperfect  drainage  or  an 
impure  water  supply  may  bring  sickness  and  disease  among^ 
the  miners,  which  would  more  than  counterbalance  the 
expense  of  providing  good  surface  arrangements.  Moun- 
tain fever  is  a  species  of  typhoid  fever  nearly  always  induced 
by  impure  drinking  water. 

111.  Remarks. — Though  the  miner's  work  is  largely 
of  such  a  nature  as  to  undermine  his  health,  there  have  been 
precautions  advocated  that  will  prevent  sickness  and  add  to 
the  length  of  his  days  also.  The  necessity  of  their  taking:  a 
bath  every  time  that  they  come  from  the  workings  has  the 
effect  of  keeping  the  workmen  clean,  and  undoubtedly  is 
conducive  to  a  better  state  of  health.  Most  mines  are  in 
locations  where  the  air  is  fresh  &nd  pure  and  the  water 
supply  good,  and  if  the  miner  will  exercise  a  little  in  the 
open  air  to  remove  the  lamp  smoke  from  his  lungs,  he 
undoubtedly  will  remain  a  strong  healthy  man. 


lUPPORTING  EXCAVATIONS 

(PART  1) 


TIMBER   SUITABLE   FOR  MINING 


STRUCTURK  OF  WOOD 

Mine  Tlmherluir.— In  the  English  language,  there  is 
ord  that  inciudes  the  vanous  means  adopted  io  support 
I  walls  in  mines.  Tl  in  her  tug  is  not  a  precise  term,  since 
ontft  concrete ^  and  iron  are  used  successfull5^;  besides, 
}mt  mines,  timbers  are  used  for  other  purposes  than  sup- 
Ing  excavations.  But  for  lack  of  a  better  expression. 
Jiay  be  placed  under  the  general  heading  i^u|iportStif? 
vatlntii^^  and  subdivided  for  itemized  description.  The 
rare  that  acts  on  the  rocks  in  which  the  excavation  is 
t  ma5^  come  on  any  one  or  all  four  of  the  walls  to  such 
xtent  as  to  cause  them  to  break  and  fill  the  excavation. 
Eti  mining,  tJie  top  wall,  termed  the  roo/^  is  the  one  that 
■•s  ihe  mo!it  support,  although  the  side  walls,  termed  n'^s, 
ic  bottom  wall,  termed  the  //t^or,  may  need  support* 
le  Use  of  timber  in  mines  is  not  confined  to  supporting 
ivation?s.  but  is  used  in  directing  the  air-current  circu- 
g  in  the  mine  so  that  proper  ventilation  will  be  given 
miners,  Again,  wood  is  used  for  chutes*  platforms, 
,  and  batteries  for  the  purpose  of  handling  ore  after  it 
■olen.  ft  is  also  used  for  track  cross-tieSi  for  covering 
%  for  undergTonnd  stables,  engine  rooms,  fencing  off 
tefotiii  places,  and  for  other  purposes  either  of  a  tempo- 
or  a  permanent  nature* 

rfVO  Vf  fPfTtlll«*T10»(*L  TtJIiTlOO*  C30i|PliltT.       IffTmSD  ftT  tTATiOhtWI'   »1*m   LQNDOI* 
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2.  Timbers  Used  In  Mines. — The  trees  that  frow 
near  mines  are  the  ones  generally  used  for  mine  timbering. 
If  the  wood  from  such  trees  is  of  inferior  quality  and  dura- 
bility, it  is  only  valuable  for  temporary  purposes  where 
strength  is  of  secondary  importance;  on  the  other  hand,  if 
the  wood  is  strong  and  durable,  it  is  used  where  permanency 
is  desirable.  It  is  a  mistaken  idea  that  any  wood  is  suitable 
for  mine  timbering,  for  often  it  will  be  found  cheaper  in  the 
end  to  purchase  expensive  timber,  than  to  use  cheap  wood 
that  must  soon  be  replaced.  It  is  also  a  mistake  to  assume 
that  durable  wood  will  answer  in  every  situation  under- 
ground, for  it  will  not,  since  it  will  be  attacked  and  quickly 
destroyed  by  disease  if  not  properly  dressed  and  cared  for. 
There  are  two  extremes  where  timbering  fails — one  where 
weak  brash  wood  is  used,  the  other  where  strong  durable 
wood  is  allowed  to  become  diseased.  In  the  first  case, 
economy  is  a  failure;  in  the  second  case,  negligence  is  the 
cause  of  economical  practice  becoming  a  failure;  both 
examples  show,  therefore,  the  necessity  for  understanding 
the  structure  of  wood,  the  particular  purposes  for  which  it 
is  adapted,  its  durability,  physical  properties,  diseases  by 
which  it  may  be  destroyed,  and  the  methods  that  maybe 
adopted  for  its  preservation. 

3.  Classes  of  Trees. — There  are  two  classes  of  trees 
suitable    for  mine  timbers — one  known  as  coniferous,  or 
evergreen,    trees,    and    the    other   known   as  deciduous 
trees,  or  those  whose  leaves  fall  off  in  autumn.    Both  classes 
of  trees  are  exogenous,  that  is,  they  add  each  year  a  new  layer 
of   wood,  which   covers   the   growth   of  the   previous  ye^i^* 
The  situation  in  which  a  tree  grows  has  much  to  do  with  its 
structure;    for  instance,  trees  that  grow  in  swampy  ground 
have  larger  pores  than  those  that  grow  on  uplands.     Struc* 
ture  has  much  to   do   with   the  strength  of  wood  and,  as  a 
rule,  a  close-grained  heavy  wood  is  stronger  than  one  having 
an  open  porous  structure.     Conifers,  or  needle-leaved  trees 
bearing  cones,  and  deciduous,  or  broad-leaved,  trees  differ  in 
their  structure  and  character,  the  wood  of  the  former  being 
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soft  and  that  of  the  latter  hard  wood,  although  some 
rs  arc  harder  tliaa  the  so-called  hardwoods*    The  wood 

oi  conifers,  compusing  the  main  part  of  the  wood  are 
ke  and  their  arrangement  is  regular.  The  wood  of  the 
-leaved  trees  Is  complex  in  structure  and  lacks  the 
mif  of  arrangement  so  noticeable  in  conifers. 

Ann  mil  lilii|<rs. — The  wood  next  to  the  bark  being 
►re  recent  growth  is  porous,  compared  with  that  nearer 
bnier  of  the  tree.  The  «ap  woimI  is  the  outer  portion 
ree  and  the  heart  wooti  is  the  inner  portion.  In  the 
ood,  ceils  for  the  process  of  growth  and  the  ninning  of 
re  more  pronounced  than  in  the  heart  wood,  the  latter 
fting  so  active  in  the  growth  of  the  tree.  Each  ycar*s 
tli  is  marked  by  an  annual  ring;  and  by  counting  these 
,  it  is  possible  to  determine  the  age  of  the  tree.  The 
vary  in  width  for  the  same  kinds  of  trees  according  to 
quick  or  slow  growth »  and  also  vary  in  width  according 
t  kind  of  tree.  The  rings  vary  in  thickness  from  ^s  inch 
is  thrifty  trees  to  i  inch  in  very  thrifty  trees;  they  prob* 
average  iV  inch  for  thrifty  trees.  Generally,  the  rings 
St  the  center  of  the  tree  are  tlie  widest.  In  most  tree&» 
rtng  is  made  up  of  an  inner, 
,  ligbt-colored  part  and  an 
^6rmer,  darker-colored  por- 

The  light-colored  part  is 
hd  spring  umhl,  and  the  outer 
r  portion  the  summer  woml 
I  ring. 


li 


Catiiiiarlson  of  Pttie 

Dnk-- — Fig.  1  shows  a  plank 

ngthwise  from  a  pine  log, 
annual  rings  of  light  spring 

and  of  dark  summer  wood 

anspicuouH  on  the  cross- 
on  *t;  they  are  also  shown  on  the  tangential  section  <f, 
5  represents  the  spring:  wood  and  r  the  summer  wood^ 
fuiDual  rings  Khuw  as  straight  lines  on  the  radial  sections. 


Phi.  I 
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Fig.  2  shows  a  plank  cut  lengthwise  from  an  oak  lo£. 
The  annual  rings  a  show  on  the  cross-section  and  also  the 
medullary  rays  <?,  which  cross  the  annual  rings  in  radiating 
from  the  center  of  the  tree.     On  the  tangential  face  i,  the 

medullary  rays  show 
as  long  tapering 
lines  e\  while  on  the 
radial  face  h,  they 
show  as  broad  bands/. 
In  oak,  the  spring 
wood  is  darker  than 
the  summer  wood. 

6.  Seasoning 
Wood.— When  tim- 
ber loses  its  water, 
it  is  said  to  be  sei- 
soned,  and  weighs 
less  than  in  the  v^ 
state  and  at  the  sanse 
time  it  becomes  more 
durable.  Timber, 
^'°-2  when    dried  quickly, 

has  a  tendency  to  absorb  moisture  when  again  exposed,  and 
also  to  split,  or  check,  along  the  grain.     Mine  timber  shouW 
be  well  seasoned  by  air  drying;  and,  since  the  ends  of  timber 
will  dry  first,  they  will  check,  but  this  is  local,  and  sometimes 
disappears  as  seasoning  progresses.     From  the  time  timber 
is  felled  until  placed  in  the  mines,  it  should  be  watched  ca^^ 
fully  to  prevent  it  from   becoming  diseased.      If  timber  is 
left  many  months  in  water,   it  becomes  water  logged  and 
sinks;  at  the  same  time,  some  of  the  soluble  materials  in  the 
wood  are  leached  out  without  much  impairing  its  strength. 
For  some  purposes,  the  seasoning  of  wood  is  hastened  by 
artificial  processes,  the  most  common  of  which  is  drying  the 
\vcH)d  by  heat  in  a  kiln. 

7.     Wclfrht  of  Wood. — Green  timber  contains  much  sap 
and  moisture  and  weighs  more  than  seasoned  or  dried  wood. 
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d  wood  is  heavier  at  the  center  and  green  wood  is 
on  the  outside.  Butt  wood,  or  that  nearest  the 
is  usually  heavier  than  the  top  wood  of  the  same 
1  general,  native  woods  when  seasoned  are  not  so 
s  water;  in  fact,  few  weigh  as  much  as  50  pounds 
c  foot,  and  some  of  the  pines  and  conifers  weigh  less 
pounds  per  cubic  foot. 

TABI.E    I 
If  PROXIMATE    WEIGHT    OF    DRIED    WOODS 


Specific 

Weight. 

n  Pounds 

Gravity 

Per  Cubic 
Foot 

Per  1. 000  Feet 

Board 

Measure 

avy    Woods,  —  Hickory, 

Tsimmon,  beech,  locust 

.7  to  .8 

43-50 

3.900 

Torfj.— Ash,  elm,  cherry. 

naple,  long-leaved  pine. 

narack 

.6  to  .7 

37-43 

3.300 

Weight    Woods.  — V\\^\i 

)ouglas  spruce,  Western 

k 

.5  to  .6 

31-37 

2,800 

ods. — Norway  and  bull 

ed  cedar,  cypress,  hem- 

spruce,     fir,    redwood, 

od,     butternut,     tulip. 

e,  yellow  poplar     .   .   . 

.4  to  .5 

25-31 

2,300 

W  ^£W(/j.— White  pine. 

fir,  white  cedar,  poplar 

.3  to  .4 

19-25 

1,800 

ellln^  Trees. — It  has  been  customary  to  fell  tim- 
inter  in  the  belief  that  in  this  season  trees  do  not 
so  much  water  as  in  other  seasons,  but  this  idea  has 
futed  and  the  understanding  is  now  that  the  trees 
as  much  water  in  winter  as  in  summer,  but  not  so 
p.  As  soon  as  trees  are  felled,  their  bark  should  be 
I  to  prevent  insects  from  injuring  the  wood  and  to 
the  sap  from  fermenting  during  seasoning  and 
decay.     The  timbers  should   not   be  permitted  to 
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He  on  the  ground  after  seasoning  operations  are  commenced 
but  should  be  placed  on  blocks  so  that  they  will  be  exposed 
to  a  circulation  of  air.  The  blocks  should  not  be  so  far 
apart  that  the  timbers  will  sag,  and  the  timbers,  if  exposed 
to  the  sun,  should  be  turned  regularly,  otherwise  they  may 
check  and  warp.  Sawed  timbers  should  be  stacked  up  with 
air  spaces  between  the  sticks;  they  should  also  be  kept  under 
sheds  when  seasoning  and  before  they  are  taken  below 
ground.  If  this  is  not  possible,  they  should  be  stacked  so 
that  they  will  shed  water.  These  precautions  may  seem 
unnecessary  to  some,  but  if  carried  out  will  prove  beneficial 
to  the  timber  and  economical  to  the  mine  management. 

9.  8hriukuf?e  of  Wood. — One  of  the  many  peculiar 
features  in  the  physics  of  timber  is  that  wood  does  not 
shrink  appreciably  in  the  direction  of  the  length  of  its  fibeiSi 
but  does  shrink  at  right  angles  to  them.  This  may  cause 
checks  in  the  direction  of  the  length  of  the  wood  fibers, 
particularly  if  seasoning  is  carried  on  unevenly  or  so  quickly 
that  the  stick  does  not  lose  its  moisture  uniformly.  H  the 
moisture  dries  out  on  one  side  of  a  stick  more  rapidly  than 
on  another,  the  stick  will  twist  and  warp. 

Fi<j.  o  shows  the  effect  of  shrinkage;  it  will  be  noticed 
thai  the  checks  are  lengthwise  of  the  wood,  for  the  reason 
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that  lon2:itndinal  shrinkage  is  very  little,  while  shrinkage 
across  tlie  j^M-aiii  is  considerable.  One  of  the  great  troubles 
in  wood  seas(inin^-  is  the  difference  between  the  amount  of 
shrinkage  alon<^  the  radius  and  that  along  the  tangents  to 
the  rin^s.  Sap  wood,  as  a  rule,  shrinks  more  than  heart 
wood;  and  the  hardwoods  shrink  more  unevenly  and  ched 
to  ri  ^^reater  extent  than  the  conifers,  which  phenomenon  is 
prol)ably  due  to  the  regular  structure  of  the  latter. 
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Selection  or  Mine  Timbers. — It  is  poor  policy  to 
pt   poor   mine    timbers   where   durable   timber   may  be 
|ioed  for  a  little  more  money »  since  for  permanent  pur- 
in  mines  the  best  wood  is  none  too  good;  and  if  one 
hemlock  where  oak,  long-leaved  pine»  or  redwood  can 
blamed «  it  is  practicing  false  economy*     It  is  not  neces- 
lo  select  mine  timbers  as  woodworkers  seJecl  lumber, 
fsoimd  sticks  free  from  skaka  and,  as  far  as  possible, 
^s  should  be  chosen  and  inferior  sticks  rejected,  particu- 
if  the  timbers  must  be  purchased.     In  the  selection  of 
ers  for  mining  purposes,  their  strength  and  enduring 
pities  are  to  be  considered.     Timbers  used  as  props  or 
SSts  have  to   resist  crushing  endwise;   timbers  acting  as 
us    must    resist    bending*    hence,    tliey    must    possess 
Sis,  for  while  the  upper  side  of  such  a  beam  is  in  com- 
sion  across  the  grain  the  under  side  is  in  tension. 

Htifikee  are  splits  in  a  logp  When  trees  are  sub- 
fcd  to  bi^h  winds,  the  cross- fibers  thut  bind  the  longitudi- 
Ibers  are  sometimes  broken  and  by  this  means  a  series 
abes  are  formed  composed  of  anmial  rings  one  inside  the 
tx.  Such  trees  are  said  to  be  wind  !<»htikcn  and  make 
lumber.  Wood  is  said  to  be  heart  n^hakon  when  it  is 
tkcd  across  its  center,  or  heart  wood;  when  it  is  checked 
Rally »  it  is  said  to  be  f#iHr  i^liuketip 

Is.     fliirabitity  of  Mine  Timber. — All  wood  is  equally 
Ible  under  certain  conditions.     Kept  dry  or  submerged 
ratcr^  it  lasts  indefinitely.     Timbers  in  the  Alten  Mann 
in  Saxony  have  been  in  place  3t)0  years  and  are  still  in 
ad  condition,  but  this  is  exceptional  and  is  only  to  be 
^iT  by  their  being  wetted  daily-     Where  fresh  dry 
ilate  about  timbers,  they  wnll  last  indefinitely  in 
place;  under  these  conditions  timbers  in  some  mines 
LIS  country  have  been  in  place  over  40  years*      When 
is  not  properly  seasoned,  the  sap  is  liable  to  ferment, 
lUy  in  a  dry  warm  place  and  tlry  rot  occurs,  begin- 
in  the  center  of  the  stick  and  working  ontwards*     In 
fftl  appearance,  such  a  stick  looks  sound;  but  by  thrusting 
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a  knife  blade  into  it  the  damage  is  discovered.  WhcH  the 
stick  is  away  from  decaying  timber,  a  circulation  of  fresh  air 
is  one  preventive  of  dry  rot,  as  in  such  situations  the  stick 
seasons. 

13.  Damp  Rot. — When  timber  is  placed  in  warm  moist 
air,  clamp  rot  takes  place.  This  is  the  usual  rot  affectinj 
mine  timbers.  It  commences  on  the  outside  and  gradually 
finds  an  entrance  into  the  interior  of  the  stick  through 
some  check.  The  destruction  of  a  timber  by  damp  rot  is 
not  so  rapid  as  by  dry  rot  and  is  noticeable  from  the  fungus 
growth  on  the  outside  of  the  stick.  In  mines,  dry  rot 
occurs  in  the  return  airways  and  in  poorly  ventilated  work- 
ings, while  damp  rot  occurs  in  the  intake  airways  and  damp 
rooms.  When  fungus  of  the  damp-rot  species  appears,  rt 
may  be  possible  to  save  the  timber  and  prevent  the  fungus 
from  reaching  the  heart  wood  by  washing  the  stick  with 
lime  or  alum  water  from  time  to  time. 

14.  Preservation  of  Timber. — The  partial  removal  of 
sap  will  retard  decay,  for  which  reason  timbers  are  someliro«* 
submerged  for  several  months,  then  removed  and  airdrieu* 
W^armth  between  60°  and  100°  F.,  combined  with  moislurCt 
is  favorable  to  decay,  but  mine  timbers  must  often  be  pla<^ 
in  such  situations.     It  may  be  possible  to  increase  the  W* 
of  timbers  by  using  special  wood  preservatives,  but  even  then 
the  sap  must  be  either  dried  or  removed,  since  wood  covers 
with  paint  before  it  is  thoroughly  seasoned  will  propag*^^ 
dry  rot  in  a  warm  dry  place,  or  damp  rot  in  a  moist  wan^ 
place.     Creosoted  joints  will  prolong  the  life  of  good  sout» 
timber,  especially  if  the  ends  of  the  timbers  have  beenstth- 
merged  in  creosote  a  month  or  more.     Different  species ot 
trees  differ  in  their  resistance  to  decay.     Under  conditio^^ 
favorable  to  decay,  cedar  and  locust  are  more  durable  th*** 
pine,  oak,  or  cypress,  although  in  certain  situations  they  t^^^ 
all  have  the  same  durability.     Contact  with  earth  is  parties 
larly  destructive  to  timber;  and  nearness  to  decaying  timh^ 
is  also  another  source  of  disease.     Barked  timber  is  thebcs* 
for  mines,  since  any  timber  that  has  been  felled  and  pertnittrf 
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main  with  its  bark  on,  even  a  short  time  in  summer,  will 
;t  insects  and  worms,  and  the  bark  will  prevent  its 
Giogf.     Sap  wood  is  more  subject  to  decay  than  heart 

i.  Practical  Remarks*— In  framing,  where  stiff  tim- 
wanted,  the  conifers  excel.  Where  heavy  but  steady 
are  supported,  the  better  and  heavier  conifers  answer 
Sell  as  hardwoods;  on  the  other  hand,  where  the  load  is 
Bble  and  the  timbers  are  subject  to  shocks  and  jars,  the 
»er  hardwoods  are  safest. 

shaping  wood,  it  is  better  to  spHt  than  to  saw  it  because 
ting  insures  straight  grain  and  secures  a  more  nearly 
ct  seasoning.  Checks^  knots,  and  shakes  are  always  a 
ce  of  weakness.  Rafted  timber  and  artiBcially  seasoned 
In-dried  timber  are  as  durable  as  any.  Summer-felled 
r  does  not  season  so  rapidly  as  winter- felled  and  offers 
ler  ioducements  to  insects  and  fungi  to  develop. 


TIMBER  MEASUREMENTS 

Introfliictton, — The  mine  manager  is  usually  able 
brchase  timbers  and  seldom  has  to  bother  with  standing 
ler.  An  experienced  woodsman  can  tell  at  a  glance  about 
tize  stick  can  be  cut  from  a  standing  tree:    and  by 

uring  the  circumference  with  a  tape  and  the  height  with 
Sj'e,  he  can  tell  almost  exactly  what  si^e  square  stick  a 

will  furnish.  In  case  the  mine  manager  has  a  large 
^r  tract  and  uses  much  timber,  he  should  have  a  capable 
damaa  take  charge  of  the  timber,  for  he  cannot  well 
rd  to  occupy  his  mind  with  such  matters, 

e  woodsman  who  does  the  felling  should  see  that  no 
I  timbers  are  wasted  and  that  timbers  are  cut  to  proper 
Khs.  In  case  a  small  tree  will  answer  the  purpose,  a 
one  should  not  be  felled  and  its  top  taken »  for  the 

wood  from  tlie  top  of  ao  old  tree  is  not  so  strong  or  so 
Ue  as  wood  from  a  younger  tree- 

Cost  of  Tlmbpr*— Timber  varies  greatly  in  cost, 
rding  to  locality  and  the  price  of  labor.     For  example, 
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sticks  that  cost  2  cents  per  running  foot  east  of  the  Mississippi 
will  cost  5  cents  per  running  foot  west  of  that  river.  It  is 
usual  to  stipulate  that  a  timber  shall  have  a  certain  minimum 
diameter  at  its  smaller  end,  and  it  is  then  purchased  by  the 
running  foot. 

A  stick  8  to  12  inches  in  diameter  at  the  small  end  costs  on 
an  average  5  cents  per  running  foot  in  Colorado;  then  a  stick 
16  inches  in  diameter  will  cost  9  cents;  one  20  inches  in 
diameter,  14  cents;  and  one  24  inches  in  diameter,  20  cents 
per  linear  foot.  These  prices  are  based  on  the  increased 
quantity  of  wood  in  a  stick,  with  the  area  of  a  circle 
12  inches  in  diameter  as  the  base,  and  5  cents  the  base 
price.  If  timbers  12  inches  in  diameter  can  be  obtained 
cheaper  than  the  price  named,  the  others  should  be  propor- 
tionally less  in  price. 

18.  Size  of  Mine  Timber. — Sticks  smaller  than  8  inches 
in  diameter  are  merely  useful  for  temporary  timbering  or  for 
lagging.  Asa  usual  thing,  timbers  for  framing  are  from 8 
to  12  inches  on  a  side  when  squared,  and  probably  timbers 
of  the  smaller  size  are  the  most  used.  A  roimd  timber  used 
instead  of  a  squared  timber  should  be  of  such  diameter  that 
it  will  furnish  approximately  the  same  area  as  the  sawed 
stick  that  it  replaces.  For  example,  if  a  10-inch  sawed 
stick  is  to  be  replaced  by  a  round  stick,  the  latter  should 
be  approximately  12  inches  in  diameter,  according  to  the 
rule  d*  X  .7854  =  area  of  a  c*ircle.  On  traveling  ways,  framed 
timbers  are  usually  about  7  feet  2  inches  high  in  the  clear, 
but  this  may  be  varied  by  the  management. 

The  caps  are  varied  in  length  to  suit  conditions,  but  8  feet 
is  a  fair  length.  Beams  are  used  in  various  sizes  and  lengfths, 
while  props  vary  from  6  inches  to  24  inches  in  diameter. 

LOGS    REDUCED    TO    SQUARE    TIMBER 

19.  The  Two-Thirds  Rule. — In  the  two- thirds  nil« 

for  determining  the  amount  of  square  timber  contained  lO 
logs,  allowance  is  made  for  the  waves  that  occur,  logs  bciD2 
seldom  perfectly  round  and  straight.     The  diameter  of  ^ 
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;  found  from  the  circumference  taken  at  its  middle 
1,  or  the  diameters  of  the  two  ends  of  the  log  are 
i  together  and  divided  by  2  to  obtain  the  average 
iter.  The  diameter  of  the  log  is  reduced  one-third 
ow  for  slab,  and  the  remaining  two-thirds  is  taken  as 
idth  of  the  square  piece  that  may  be  hewn  or  sawed 
the  log.  The  cubic  contents  of  the  squared  log  are 
obtained  by  squaring  its  width  and  multiplying  by  the 
1  of  the  log. 

lMPLB  1. — The  circumference  of  a  log  at  its  middle  length  is 
iches;  according  to  the  two-thirds  rule:  (a)  what  will  be  the 
>f  the  stick  when  squared?  (d)  what  will  be  its  contents,  in 
feet,  when  squared  if  the  log  is  10  feet  long? 

UTiON.  —  (a)  Since  3.1416  X  diameter  =  circumference,  37.7 
16  =s  12  in.,  or  the  diameter  of  the  log.  According  to  the  rule, 
ge  of  the  stick  is 

12X2 

-^—  =  8m.; 

the  area  is 

8  X  8  =  64  sq.  in.    Ans. 
Since  the  log  is  10  ft.  long,  or  120  in.,  it  contains 

64  X  120       .  ..  -^       . 

-3^^^  =  4.44  cu.  ft.    Ans. 

64 

777  X  10  -  4.44  cu.  ft.    Ans. 

144 

lMPLB  2. — The  diameters  of  a  log  at  its  ends  are  12  and  16  inches; 

ite,  by  the  two-thirds  rule,  the  width  of  a  square  stick  cut  from 

g- 

UTION. — The  average  diameter  is 

12+16       ,.  . 

—2—  =  ^^  ^°- 
!n,  by  the  rule,  the  width  of  the  stick  is 

ii><^  =  9iin.    Ans. 

.  The  Inscribed-Square  Rule. — The  inscribed- 
re  rule  gives  larger  results  than  the  two-thirds  rule, 
no  allowances  are  made  for  imperfections  in  the  log  or 
iw  cuts.  The  exact  mathematical  rule  for  determining 
ide  of  a  square  inscribed  in  a  circle  is  as  follows:  The 
Df  the  square  is  the  hypotenuse  of  a  right  triangle  two 
of  which  are  radii  r  of  the  log.     Hence,  the  side  of 


^. 
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the  square  is  Vf^-f  r*  =  V2  r",  or  the  square  root  of  the  sum 

of  the  squares  of  the  other  two  sides.     Since  r  =  -,  that  is. 

the  diameter  is  twice  the  radius, 

r'  =  ^'.  and2r'  =  ^' 
4  Z 

Therefore,  the  side  of  a  square  inscribed  in  a  circle  equals 

R*  =   <I7'  =  .7071  </ 

The  area  of  the  inscribed  square  will  be  equal  to  the  side 

squared  or  2  r"  or  — . 

Example.— The  circumference  of  a  log  at  its  middle  length  is 
37.7  inches;  according  to  the  exact  mathematical  rule  for  determining 
the  area  of  a  square  inscribed  in  a  circle,  what  will  be  the  area  of  the 
stick  when  squared? 

Solution.— Since  3.1416  X  diameter  =  circumference,  37.7  -r  3.1416 
=  12,  or  the  average  diameter  of  the  log.  Then,  according  to  the 
rule 

^•=^=>/72  =  8.48in.. 

the  side  of  the  inscribed  square,  and  8.48  X  8.48  =  72,  the  area  in 
square  inches.  Again,  since  the  radius  is  one-half  the  diameter,  the 
radius  squared  multiplied  by  2  gives  the  area  or  72  sq.  in.    Ans. 

21.  The  17-InchL  Rule.— The  17-liicli  rule  is  based 
on  the  fact  that  a  log  17  inches  in  diameter  will  square 
12  inches.  The  contents,  in  cubic  feet,  of  a  log  are  obtained 
by  this  rule  as  follows: 

Rule. — Multiply  the  sqtiare  of  the  diameter  of  the  Icgy  in 
inches y  by  its  length,  ifi  feet,  and  divide  by  the  square  of  i". 

The  width  of  a  square  piece  may  be  obtained  by  multiplv 
ing  the  diameter  of  the  log,  in  inches,  by  17,  and  dividinj 
the  result  by  24,  or  by  multiplying  the  diameter  by  .7083. 

This  rule  for  calculating  the  width  of  the  inscribed  squar 
piece  is  based  on  the  fact  that  one  side  of  the  squar 
inscribed  in  a  circle  24  inches  in  diameter  is  17  inches  lonj 

22.  The  Quarter-Girth  Rule. — One  method  frequentl 
adopted  for  calculating  the  cross-sectional  area  of  the  squai 
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piece  that  can  be  furnished  by  a  log  *of  a  given  diameter  is 
deduced  from  the  following  reasoning: 

The  circumference  of  the  log  is  measured  at  its  middle 
length  with  a  tape,  and  equals  2  7rr.  If  the  side  of  the 
square  were  one-fourth  of  the  circumference  of  the  log,  or 

-~-^  the  area  would  be   (— j^)  •    ^^^  one-fifth   must  be 

deducted  from  this  quantity  to  compensate  for  the  loss  in 

---  j     =-^ 

=  1.97  r*.  This  gives  almost  exactly  the  area  of  a  square 
piece  that  can  be  cut  from  a  log.  The  bark  should  be 
removed  from  the  log  before  it  is  measured. 

Example.— The  diameter  of  a  stick  is  12  inches  at  its  middle 
length;  what  will  be  the  area  of  a  stick  sawed  from  such  a  log, 
according  to  the  quarter-girth  rule? 

Solution. — The  radius  of  such  a  log  is  6  in.  and 
1.97  X  6*  =  70.92  sq.  in.  area.    Ans. 


TO    COMPUTE    THE    VOLUME    OF    ROUND    TIxMBER 

23.  Molesworth's  Rule. — The  following  rule  may  be 
used  to  compute  the  solid  contents  of  a  log: 

Rule. — Add  together  the  squares  of  the  diameters  of  the 
greater  and  lesser  endSy  and  the  product  of  the  two  diameters; 
multiply  the  sum  by  .7854  and  this  prodtut  by  oru-third  the 
length  of  the  log. 

Example  1. — The  diameters  of  a  log  at  its  ends  are  2  feet  and 
1.4  feet,  and  its  length  is  15  feet;  what  number  of  cubic  feet  does  it 
contain? 

Solution.—  V  + 1.4'  +  (2  x  1.4)  =  8.76 

and  8.76  X  .7864  X  y  =  34.40  cu.  ft.    Ans. 

When  the  length  is  in  feet  and  the  diameters  are  in  inches, 
proceed  as  in  example  1  and  divide  the  result  by  144  to 
obtain  the  volume  in  cubic  feet. 

EZAMPLB  2. — The  diameters  of  a  log  at  its  ends  are  24  and  18  inches 
and  its  length  is  16  feet;  what  will  be  its  volume  in  cubic  feet? 
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Solution. —  * 

[(24«  -h  18«  +  24  X  18)  X  .7854  X  6]  -i-  144  =  36.32  cu.  ft.,  volume. 

Aqs. 

When  the  dimensions  are  in  inches,  proceed  according  to 
the  rule  and  divide  the  result  by  1,728  to  obtain  'the  volamc 
in  cubic  feet. 

Example   3. — The   diameters   of  a   log   at   its  ends  are  20  tod 

15  inches  and  its  length  is  144  inches;  what   will  be  its  volttine  in 
cubic  feet? 

Solution.— 

[(20'  +  15'  -h  20  X  15)  X  .7854  X  ^1  ^  1,728  =  20.18  cu.  ft.    Ans. 

The  strongest  beam  that  can  be  cut  out  of  a  log  is  one  in 

which  the  breadth  is  to  the  depth  as  5  to  7  very  nearly,  and 

can    be   found    graphically   as    shown  in 

Fig.  4.     Draw  any  diameter  a  b  and  divide 

it  into  three  equal  parts  b  /,  fd,  and  ia. 

From  /  and  d,  draw  lines  perpendicular  to 

the  line  a  b  to  meet  the  circumference  at 

the  points  c  and  e  and  connect  the  points 

a,  e,  by  c,  and  a  as  shown.     If  the  log  is 

^^^•^  12  inches  in  diameter,  ae  will  be  nearly 

7  inches  and  ac  nearly  5  inches. 

24 .     Ordinary  Rule. — For  all  practical  mining  purposes, 

the  cubic  feet  in  a  log  may  be  obtained  by  finding  the  area 
of  its  middle  cross-section  and  multiplying  this  by  its  length. 
The  area  of  its  middle  cross-section  may  be  found  from  its 
perimeter  at  its  middle  length,  or  from  an  average  diameter 
obtained  by  taking  the  diametei;  at  each  end  and  dividing 
their  sum  by  2.  In  case  the  length  is  in  feet  and  the  diam- 
eter in  inches,  divide  by  144;  and  if  all  dimensions  are  in 
inches,  divide  by  1,728  to  obtain  the  volume  in  cubic  feet. 


LUMBER    MEASUREMENTS 

25.  Measurements  of  Squared  Timbers. — The  mine 
manager  has  much  to  do  with  squared  lumber,  and  very 
often  is  obliged  to  reduce  the  number  of  cubic  feet  in  a  stick 
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the  number  of  feet,  board  measure.  Cubic  feet  may  be 
ms^ed  to  board  measure  by  multiplying  by  12. 

^ule. — To  find  the  number  o(  cubic  feet  of  squared  timber 
en  all  the  dimensions  are  in  feet,  multiply  the  breadth  by  the 
th  and  that  product  by  the  length.  If  one  of  the  dimensions 
in  inches^  multiply  as  before  and  divide  by  12,  lVhe?i  any 
0  of  the  dimensions  are  in  inches^  multiply  as  before  and 
nde  by  144. 

26,     Board  Measure. — Framing  timber  is  usually  sold 
board  measure. 

Rule. — To  reduce  lumber  to  board  measure y  multiply  the 
gth  in  feet  by  the  width  and  thickness  in  iiuhes^  and  divide 
product  by  12. 

\  board  1  inch  thick,  12  inches  wide,  and  12  feet  long  will 
itain  12  feet,  board  measure,  which  is  found  thus: 
1  in.  X  12  in.  X  12  ft. 


12 
\,  board  6  inches  wide  and  10  feet  long  will  contain 
1  in.  X  6  in.  X  10  ft 


=  12  feet,  board  measure. 

10  feet  long  will  contain 

=  6  feet,  board  measure. 


12 

'lanks  are  more  than  1  inch  thick  and  are  sold  by  board 
asure;  thus,  a  plank  li  inches  thick,  10  inches  wide,  and 
feet  long  would  contain 
li  in.  X  10  in.  X  12  ft. 


12 


=  15  feet,  board  measure. 


IXAMPLB.— How  many  feet,  board  measure,  are  there  in  sixteen 
:s  3  in.  X  4  in.  and  16  feet  long? 


OLUTION. — 

16  X  3  in.  X  4  in.  X  16  ft. 


=  256  ft.,  board  measure.    Ans. 


12 

a  the  specifications  for  buildings  and  the  purchase  of 
iber,  board  measure  is  of  importance  in  determining  the 
t.  Planks  for  lagging  or  caps  are  also  purchased  by 
rd  measure. 
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MECHANICS    OF    TIMBERING 

27,  strength  of  Timber. — All  calculations  for  deter- 
mining: the  strength  of  timber  consider  the  material  as  a 
bundle  of  parallel  fibers;  such  fibers,  according  to  the  nature 
of  the  wood,  have  a  definite  strength,  which  is  determined 
by  experiment.  As  the  experiments  are  made  with  sound 
wood  under  conditions  that  are  not  likely  to  exist  in  prac- 
tical work,  a  factor  of  safety  is  used;  that  is,  the  experi- 
mental strength  is  divided  by  any  factor  3,  4,  or  6,  etc.  that 
is  thought  advisable.  Timbers  may  be  subjected  to  loads 
that  act  mostly  in  a  direction  parallel  to  their  fibers  or  in* 
direction  across  their  fibers.  A  post  that  supports  a  load  is 
under  compression,  which  tends  to  shorten  the  post.  The 
fibers  of  wood  act  as  little  columns  firmly  grown  together; 
and  when  posts  break  by  compression  it  is  due  to  fib«* 
separating  into  a  large  number  of  small  independent  pieces. 
Like  the  strands  of  a  rope,  the  independent  pieces  of  fiber 
offer  little  resistance  to  compression  and  they  bend  over 
and  the  piece  buckles.        

BENDING 

28,  Compression  and  Elongration. — When  a  sti» 
bears  a  load  either  parallel  with  or  across  its  fibers,  it  ^ 
subjected  both  to  compressive  and  to  tensile  stresses.  ^ 
fibers  of  a  beam  supporting  a  transverse  load  have  a  tend* 
ency  to  bend  on  the  lower  side;  and  in  case  the  beam  docs 

bend,  the  fibers  ^ 
compressed  on  the 
upper  side.  This^s 
shown  in  Fig.  5,  where 
the  fibers  are  tom 
„     ^  apart    on   the  under 

rIG.  6  ,1 

side  of  the  beam  anfl 
pushed  together  on  the  upper  side.  'The  fiber  at  or  near  the 
center  of  the  beam  is  neither  lengthened  nor  shortened  and 
is  called  the  neutral  axis.  If  the  ruptured  fibers  pass 
the  neutral  axis,  the  stick  will  break.     The  neutral  axis  i 
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U'etieralJy  assumed  to  pass  through  the  center  of  gravity  of 
th^  cross-secdon  of  the  stick. 

!!)*     Deflection  is  tlie  amount  that  a  timber  bends  when 
jjected  to  transverse  stresses.     For  a  rectangular  beam 
^ported  at  both  ends  and  loaded  at  the  center,  the  deflec- 
m  varies  directly  as  the  load. 

30.    Htlffness, — The  resistance  that  a  piece  of  timber 

,gfferi  to  bending  is  called  its  stifrriess*     If  100  pounds 

^kced  at  the  center  of  a  stick  supported  at  both  ends  will 

^■nd  the  stick  i  inch*  200  pounds  will  bend  the  stick  I  inch; 

|Bd  300  pounds,  I  inch,  the  deflection  varying  directly  as  the 

^ad.    Soon»  however^  a  point  is  reached  where  an  additional 

lOO  pounds  will  bend  the  stick  more  than  i  inch;  this  means 

^at  the  limit  of  elasticity  has  been  passed.    The  stiffness  of 

^'inber  does  not  depend  so  much  on  the  elasticity  of  the  material 

the  dimensions;  that  is,  the  ratio  of  width  to  depth. 

^1,     Stiffness  and  WtdtU,^ — ^For  a  rectangular  timber 
sported  at  both  ends  and  loaded  at  the  center*  the  stiff- 
varies  as  the  width.     If  a  piece  of  wood  2  in.  X  2  in. 
feet  long  is  supported  at  both  ends,  placed  with  the 
itjal   face   up»   and   then  loaded  in  the  middle  with 
pounds*  It  may  be  found  to  bend*  say,  i  inch,  while  a 
tilaf  stick  2  in.  X  4  in,  will  bend  but  iV  inch;  hence, 
tilling  the  width  doubles  the  stiffness  of  timber. 

tfl.     Bflffness  and  Bepth. — For  a  timber  with  rectan- 

Uaj  cross-section  supported  at  both  ends  and  loaded  at  the 

1^*5 ter,  the  stiffness  varies  as  the  cube  of  the  depth.     If  a 

X  4"  stick  4  feet  long  and  supported  at  both  ends  is  set 

Ige  so  that  it  ts  2  inches  in  width  and  4  inches  in  depths 

of  100  pounds  placed  at  the  middle  will  bend  it 

1 


8      \2f        8 


8  '  ^  =  ^  inch; 
ce,  doubling   the    thickness   multiplies    the   stifoess  of 
aber  abowt  eight  times, 

33,     8tlfrt3ess  onit    Leug^th. — ^For  a  timber  with  rect- 
igutar  cross-section  supported  at  both  ends  and  loaded  at 
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the  center,  the  stifEness  varies  inversely  as  the  cube  of  the 
lez^ih  c:  the  t:c:ber  between  its  supports.  If  instead  of  a 
pieje  of  limber  2  inches  wide,  2  inches  deep,  and  4  feetlonj:, 
a  s'inr.lar  stick  of  the  same  cross-sectional  area  and  8  feet  lonj[ 

between  suppons  is  taken,  the  stifEness  will  be  -x--  =  r  =  5 

(I)'     2'     « 

as  great,  and  IQO  pounds  at  the  center  will  cause  the  timber 

to  bend  1  inch  instead  of  i  inch.     From  this,  it  follows  that 

if  the  stiffness  of  a  timber  8  feet  long  is  to  be  the  same  as 

one  4  feet  long  of  the  same  kind  and  quality  of  wood,  the 

thickness  must  be  doubled. 

34.  Stiffness  aiid  Grain. — Cross-grained,  knotty,  or 
checked  timbers  are  not  so  stiff  as  sound  wood;  and  sticks 
with  annual  rings  set  vertically  to  the  load  will  be  stiffer 
than  if  the  rings  are  placed  horizontally.  Sticks  partially 
sawed  across  the  grain  are  not  so  stiff  as  those  sawed  with 
the  grain,  and  green  sticks  are  only  about  two-thirds  as  stiJ 
as  when  seasoned.  In  the  same  tree,  the  heavier  piece 
of  wood  is  the  stiffer  and  the  butt  piece  is  stiffer  than  the 
top  piece. 

35.  Ratio  of  the  Stiffness  of  Beams. — If  the  stiffness 

of  a  beam  supported  at  both  ends  and  loaded  at  the  center 
is  called  1: 

Then  that  of  the  same  beam,  with  the  load  uniformly  dis- 
tributed, will  be  -5". 

Firmly  fixed  at  both  ends  and  loaded  at  the  center,  5. 

Firmly  fixed  at  both  ends  and  uniformly  loaded,  8. 

Fixed  at  one  end  and  loaded  at  the  other,  iV. 

Fixed  at  one  end  and  uniformly  loaded,  i. 

A  cylindrical  beam  bends  1.7  times  as  much  as  one  whose 
cross-section  is  equal  to  a  circumscribing  rectangle. 

f36.  Modulus  of  Elasticity. — By  the  elasticity  of  timhe: 
is  meant  the  power  of  the  fibers  to  assume  their  origins 
position  after  being  compressed  or  extended.  If  the  fiber 
do  not  return  to  their  original  position,  they  have  passe 
the  elastic  limit  and  the  timber  is  deformed.  The  moduln 
or  measure  of  elasticity  is  the  ratio  of  the  unit  stress,  i 
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ounds  per  square  inch,  to  the  unit  deformation  expressed 
J  a  fractional  part  of  the  length  or 

unit  strength,  in  pounds  per  square  inch 
deformation  per  unit  of  length 
If  3,000  pounds  will  bend  a  beam  so  that  the  stress  per 
uare  inch  on  the  extreme  fiber  directly  under  the  load  is 
XX)  pounds  and  the  elongation  of  this  fiber  in  a  length  of 
nch  is  TuW  inch,  the  modulus  of  elasticity  will  be 

3,000  -^  — — -  =  3,000,000  pounds  per  square  inch 

J.,UvA/ 

Por  different  species  of  wood,  this  factor  varies  from  about 
3,000  to  3,000,000  pounds  per  square  inch.  It  is  independent 
the  size  and  shape  of  the  piece  and  of  the  method  of  loading. 

37,  To  Calculate  Deflection. — It  is  often  desirable  to 
ow  beforehand  how  much  a  given  load  will  bend  a  stick. 
>  calculate  the  deflection  of  any  stick  under  a  load,  it  is 
cessary  to  know  the  modulus  of  elasticity.  From  tests  on 
ams  of  known  dimensions,  the  deflection  being  carefully 
sasured,  the  values  of  the  modulus  for  different  woods 
^ve  been  determined  by  the  formula 

S^JWP^  (1) 

ZIDbh' 
T  uniformly  loaded  beams  supported  at  both  ends,  and 

E^-^''  -  (2) 

T  beams  supported  at  the  ends  with  load  concentrated  in 

e  middle. 

In  these  formulas,  let 

E  =  modulus  of  elasticity; 

W  =  total  load  on  beam,  in  pounds; 

/  =  length,  in  inches,  between  supports; 
D  =  deflection,  in  inches,  due  to  load  W\ 
b  =  breadth,  in  inches; 
h  =  depth  of  stick,  in  inches. 
If  it  is  required  to  find  the  deflection  of  a  given  beam 
der  a  given  load,  formulas  1  and  2  may  be  transposed  so 
it  the  deflection  will  form  the  left-hand  member.     Thus, 
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S5 


Z>  = 


5jvr 


(3) 


32j5*A" 
for  uniformly  loaded  beams  supported  at  both  ends,  and 

ivr 


Z?  = 


(4) 


for  beams  supported  at  both  ends  with  the  load  concentiatei 
in  the  middle.  If  it  is  desired  to  find  the  load  that  will  cans 
a  given  deflection,  the  formulas  may  be  transposed  so  thi 
the  load  will  form  the  left-hand  member. 


TABIiE  II 

CONSTANTS  FOR  DEFLECTION 


Species  of  Woods 


Modulus  of 
Elasticity 


I 


per  Square 

Inch 

Pounds 


Approximate  Weight  That 
Deaects  a  Piece  i  loch 


I  in.  X  I  in.  and 
12  Inches  Long 

Pounds 


ain.XJin* 
loFeeti/M 

Pooods 


Live  oak,  good  tamarack,  long- 
leaved,    Cuban   and   short- 
leaved  pine,  good  Douglas 
spruce,   Western    hemlock 
yellow    and    cherry    birch 
hard  maple,  beech,  locust 
and   the  best   of   oak   and 
hickory  

Birch,  common  oak,  hickory 
white  and  black  spruce 
loblolly  and  red  pine,  cy 
press,  best  of  ash,  elm 
poplar,  and  black  walnut 

Maples,  cherry,  ash,  elm,  syc 
amore,  sweet  gum,  butter- 
nut, poplar,  basswood 
white,  sugar,  and  bull  pine 
cedars,  scrub  pine,  hem 
lock,   and    fir 

Box  elder,  horse  chestnut,  a 
number  of  Western  soft 
pines,  inferior  grades  of 
hardwood 


1,680,000 


1,400,000 


3.900 


3,200 


1,100,000 


1,100,000 


2,500 


2,500 
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8.  Constants  far  Deflection^ — Table  II  is  based  on 
1  taken  from  the  Tenth  United  States  Census  Reports.  The 
:  column  gives  the  species  of  woods;  the  second  column 
crired  from  the  formula  for  modulus  of  elasticity;  the  third 
s  the  weight  that  will  defect  a  1^'  X  1'^  stick  12  inches 
[i  I  inch;  the  fourth  gives  the  weight  necessary  to  bend  a 
K  2"  stick  10  feet  long,  1  inch.  The  sticks  are  supported 
*ach  end  and  loaded  in  the  middle.  From  the  third 
[ton,  it  is  easy  to  find  how  many  pounds  will  cause  the 
e  deflection  in  the  same  kind  of  timber  of  other  dimen* 
IS,    A  2^'  X  4'^  stick  bears  eight  times  as  much  weight  as 


Shmpe  oi  CroiA-SecHon 


MomL^nti  of 
Inertia,  / 


Section  ModulBS 


Circle  . 


Square 


^<iii£i^ 


64 


=  .0491  tt 


32 


=  .0982  d^ 


kugk  ^~d 


hd^ 


bd^ 


'  X  2"  stick;  and  a  2'^  X  6"  stick  twenty-seven  times  as 
ih,  other  conditions  being  similar.  A  piece  of  wood 
feet  long  is  about  one*half  as  stiff  as  a  piece  of  the 
e  kind  of  wood  8  feet  long,  other  conditions  being  simi- 
a  piece  of  wood  12  feet  long  is  about  three-fifths  as  stiff 
^ne  10  feet  long;  a  piece  14  feet  long  is  about  one-third 
stiff  as  one  10  feet  long;  n  piece  16  feet  long  Is  about 
C>-ninlhs,  and  a  piece  ^0  feet  long  is  about  one-eighth  as 
B  as  a  10-foot  piece »  the  same  cross-sectional  area  and 
same  kind  of  wood  being  taken  in  each  case, 

I9f    The  mometit  of  Inertia  of  a  cross-section  of  any 

ipc  U  an  expression  used  iu  determining  the  resistance 
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of  a  stick  to  bending.  The  moments  of  inertia  of  a  drcle, 
square,  and  rectangle  referred  in  each  case  to  an  axis  xx 
passing  through  the  center  of  gravity  of  the  fig:tire  arc 
given  in  Fig.  6. 

In  these  expressions,  d  is  the  diameter  of  a  circle,  the  side 
of  a  square,  or  that  side  of  a  rectangle  that  is  perpendicular 
to  the  neutral  axis  xx  oi  the  cross-section,  while  Ms  the 
other  side  of  the  rectangle  parallel  to  the  neutral  axis. 


BREAKING 

40,  Cross-Breaking. — The  relative  strength  of  timber 
depends  on  how  it  is  supported  and  loaded.  A  compansoo 
of  the  relative  strength  of  beams  according  to  the  way  they 
are  supported  and  loaded  is  as  follows: 

Beam  supported  at  both  ends  and  loaded  with 
a  uniformly  distributed  load  , 1 

Beam  supported  at  both  ends  and  loaded  at  the 
center ;    .   .    i 

Beam  fixed  at  one  end  and  loaded  with  a  uni- 
formly distributed  load 4 

Beam  fixed  at  one  end  and  loaded  at  the  other    i 

Beams  firmly  fixed  at  both  ends  and  loaded  at 
the  center 1 

Beams  fixed  at  both  ends  and  loaded  with  dis- 
tributed load 1» 

When  a  stick  has  been  bent  so  as  to  reach  its  elastic  lini^^' 
it  requires  from  30  to  50  per  cent,  increase  in  load  before  the 
stick  breaks.  The  load  that  causes  the  stick  to  break  repre- 
sents its  transverse  strength  or  its  resistance  to  cross- 
breaking.  Uiilike  stiffness,  the  strength  of  timber  varus  ^ 
the  square  of  the  thickness  and  inversely  as  the  length  and  «*• 
inverse/}'  as  the  ciihe  of  the  length.  Thus,  if  a  stick  2  in.  X*^ 
and  4  feet  long  can  bear  1,000  pounds,  a  2  in.  X  4  in.  stick  o 
the  same  kind  of  wood  laid  fiat  and  similarly  supported  tf*' 
loaded  will  bear  2,000  pounds  before  it  breaks,  and  if  ^ 
edgewise  4,000  pounds.  A  piece  2  in.  X  2  in.  and  8  to 
long,  however,  will  break  with  one-half  the  original  load^ 
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ids.-  The  conditions,  such  as. seasoning,  and  other 
that  influence  stiffness  also  influence  resistances  to 
aking.  While  conifers  excel  in  stiffness,  the  better 
ds  develop  greater  resistance  to  cross-breaking. 

Modulus   of  Rupture. — The   measure   of  cross- 
refers  to  the  resistance  that   the   fibers   offer  to 
aking;  but  because  of  the  variability  of  woods  of 

TABLE   III 

TERSE    STRENGTH    OF    WEL.I>SEASONED,    SELECT 
PIECES    OF    WOOD 


• 

Strensrth  of 
Extreme  Fiber 

^      2"*  rfa 

per  Square 

Inch 

Pounds 

-» 

Approximate  Weight  That 
Breaks  a  Stick 

I  in.  X  1  In. 

and  12  Inches 

Lons: 

Pounds 

2  in.  X  2  in. 

and  10  Feet 

Lonsr 

Pounds 

ird  maple,  hickory, 
rch,    best    ash    and 
>ng- leaved,    short- 
and   Cuban   pines, 

:k 

*,  cherry,   ash,  elm, 
inferior   oak,    and 
est  poplar,  Norway, 
.    and    pitch   pines, 
ind    white    spruce, 
c,  and  good  cedar  . 
sswood,    sycamore, 
at,    poplars,     white 
ler  soft  pines,   firs, 
lars 

13,000 

10,000 
6,500 

720 

550 

350 

570 

440 

280 

kind,  and  from  the  fact  that  clear  small  pieces  were 
nake  the  tests  tabulated,  it  is  customary  to  use  from 
I  to  one-tenth  of  the  figures  given  in  Table  III  as  a 
safety.  The  factor  of  safety  means  that  a  beam  is  to 
from  six  to  ten  times  as  strong  as  the  calculated  loads, 
elasticity  and  stiffness,  the  strength  of  a  stick  is 
d  in  a  uniform  manner  by  the  so-called  modulus 
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of  rupture  to  permit  ready  estimation  of  the  strength  of 
any  piece.  This  modulus  refers  to  the  resistance  that  the 
fibers  offer  just  before  rupture  occurs. 

42.  Transverse  Strengrth  of  Seasoned  Woods.— The 

second  column  of  Table  III  gives  the  strength  of  the 
extreme  fiber,  which  is  the  same  as  the  modulus  of  rupture, 
for  the  woods  grouped  in  the  first  column.  The  figures  are 
for  rectangular  beams  of  uniform  cross-section  supported  at 
both  ends,  with  the  loads  concentrated  in  the  middle.  It  is 
derived  from  the  formula 

in  which   jR  =  modulus  of  rupture,  or  strength  of  extreme 
fiber; 
IV  =  breaking  load,  in  pounds; 
/  =  length  of  beam,  in  inches,  between  supports; 
d  =  breadth,  in  inches,  of  tested  piece  of  wood; 
d  =  depth,  in  inches,  of  tested  piece  of  wood. 
By  transposing  in  formula  1,  formula  2  is  obtained: 

^=2^^^  (2) 

3/ 

The  third  column  gives  the  number  of  pounds  that  will 
break  a  piece  of  wood  1  in.  X  1  in.  and  12  inches  long;  the 
fourth  column  gives  the  strength  of  a  2''  X  2''  stick  10  feet 
long,  from  which  the  breaking  strength  of  any  given  piece 
can  readily  be  estimated,   allowing,    however,  for  defects, 
which  increase  with  the  size  of  the  timber.     Thus,  if  a  good 
piece  of  pine  2  in.  X  2  in.  and  10  feet  long  supported  at  both 
ends  and  loaded  in  the  middle  breaks  with  400  pounds,  a 
2//  X  4//  piece  set  on  edge  requires  1,600  pounds  to  break  it; 
a  2''  X  4''  stick  12  feet  long  will  break  with  1,300  pounds; 
one  16  feet  long  will  break  with  1,000  pounds,  etc.;  and  if  a 
factor  of  safety  of  10  is  allowed,  only  one-tenth  of  the  fore- 
going loads  is  permissible. 

43.  Compression. — A  stick  will  resist  a  greater  pres- 
sure in  the  direction  parallel  to  its  fibers  than  across  them. 
The  perfectly  cross-grained  stick  a.  Fig.  7,  will  sustain  but 
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le  load  acting  across  the  length  of  its  fibers  that 
tght- grained  piece  c  will  sustain:  and  it  is  evident 
^ piece    b,    which    represents    the    ordinary    cross- 
£,  is  intermediate  in  strength  between  a  and  c. 


:;-'\\'Wi:U 


Ihows  the  detrimental  influence  of  knots,  since 
the  lower  side  of  a  stick  Is  stretched  or  in  ten* 

le  upper  side  compressed.  The  wood  of  a  knot, 
-grained  wood,  offers  but  little  resistance  to  ten- 
jmpression.  In  the  following  table  is  given  the 
^e   strength    of    common   woods  io  pounds  per 


TABLE  IV 

[per    square    inch    CROJiiS-SECTION   TO   CRUSH 
8KA30NBB    WOOD  *  LENUTB  WISE 


yellow  and  cherry  bireln  hard  maple,  b^t 

dog- leaved  and  Cuban  pine^,  and  tamarack  .    , 

ifckory^  oak,  birch »  soft  maple,  walnut^  good  elm, 

^fthort-leaved  and  loblolly  pines*  Western  hem- 

Douglas  fir ...>,,... 

beech,  inferior  oak,  Pacific  white  cedar, 
pafi  Lawson^s  cypress,  common  red  cedar, 
fforway  aorl  superior  spruces,  and  firs  .  .  ,  . 
^ood,  bullernut,  chei^inut*  good  poplar,  white, 
:  common  soft  pines,  hemlock,  spnice*  and  iir  . 
[white  cedar,  and  some  Western  soft  pines  and 


9iOOO+ 


7,000+ 


f^OOQ+ 


irInK, — Btiearlner  is  a  deformation  of  the  wood 
may  be  carried  to  such  an  extent  as  to  cause 
rhere  are  two  cases:  shearing  along  the  grain 
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and  shearing  across  the  grain.  In  Fig.  8  (a),  if  a  load  is 
placed  on  a,  the  tenon  d,  by  downward  pressure,  breaks  oni 
the  piece  c;  in  the  case  of  Fig.  8  (^),  if  the  shoulder  « is 
pushed  along  dc,  it  is  sheared.  The  resistance  of  woods  to 
shearing  is  small  compared  to  their  resistance  to  compres- 
sion. Wet  or  green  wood  shears  along  the  grain  about  one- 
third  as  easily  as  dry  wood.     A  surface  parallel  to  the  rings 

shears  more  easily  than  a  sur- 
face parallel  to  the  rays.  The 
lighter  conifers  and  hardwoods 
offer  less  resistance  to  shea^ 
ing  than  the  heavier  kinds,  bat 
pine  shears  about  one-half  as 
readily  as  hickory,  owing  to  tiie 
construction  of  the  conifer's 
fibers. 

45.  Hardness  and  81lee^ 
Ing. — The  properties  of  hard- 
ness and  shearing  are  closely 
related.  Hardwood,  as  a  rule 
will  offer  more  resistance  to 
cross-shearing  than  soft 
woods.  Butt  timber,  being 
heavier  than  top  timber,  wiH 
be  harder  and  will  more  effec- 
tually resist  cross-shearing;  and  seasoned  wood  will  resist 
more  than  green  wood. 

Indentation  is  one  cause  of  the  failure  of  timbers,  an^ 
is  a  common  cause  of  the  failure  and  loosening  of  tenons- 
Very  hard  woods  require  3,200  pounds  pressure  per  sqnarc 
inch  to  produce  an  indentation  of  -^  inch;  hard  woods* 
2,400  pounds;  middling  hard  woods,  1,600  pounds;  and 
soft  woods,  less  than  1,600  pounds  pressure  per  square 
inch  to  produce  similar  indentation. 


SUPPORTING  EXCAVATIONS 


27 


ROCK  PRESSURE 

Itoek-Preesure  Tlieury. — Pressure  due  to  the 
uy  of  rock  increases  from  the  surface  downwards  until 
int  is  reached  where  excavations  cannot  be  kept  open* 
alctilatin^  ihis  depth,  there  are  two  cases  to  be  con- 
«d:  In  the  first,  the  cavities  in  the  rock  are  supported 
ydrostatic  pressure,  that  is,  a  body  of  water  opposing 
liressure  due  to  the  w^eight  of  the  rock  and  reaching 
tie  surface.  In  this  case,  the  specific  gravity  of  the 
ttis  to  be  subtracted  from  the  specific  gravity  of  the  rock, 
second  case  is  where  rock  above  the  zone  where  no 
:y  can  exist  is  solid  to  the  surface  and  has  an  average 
iiic  gravity  of  2.7.  According  to  Professor  Ho  skins, 
oluHon  of  the  problem  is  reduced  to  finding  the  height 
column  of  rock  1  square  inch  in  area,  with  a  specific 
ity  of  L7  in  the  first  case  and  2.7  in  the  second  case, 
;ing  from  the  zone  of  no  cavities  to  the  surface.  For 
purpose  of  calculationi  the  strongest  granite  having  a 
ling  strength  of  24,000  pounds  per  square  inch  is  taken. 
^ing  in  the  first  case  that  the  rocks  are  porous, 
:  ,08617  =  *0615  pound  per  cubic  inch  as  the  weight  of 
rock,  .03B17  being  the  weight  of  1  cubic  inch  of  water; 
»738  pound  will  be  the  weight  of  a  column  of  rock  1  foot 
ifith  1  square  inch  cross-section.  The  depth  at  which 
jcs  would  close  tmder  such  conditions  would  be  24,000 
88  -  32,520  feet,  or  over  6  miles. 

Assuming,  in  the  second  case,  that  the  rocks  were 
\  then  2*7  x  *03617  =  .0977  pound  per  cubic  inch,  which 
Ibe  weight  of  a  column  of  rock  12  inches  long  and 
Etiare  inch  base  as  1.172  pounds.  Hence,  the  depth 
'bich  cavities  must  close  in  the  second  case  would 
I.OOO  4-  LI 72  =  20,478  feet,  or  nearly  4  miles.  Mining 
Iberefore,  be  limited  by  nature  to  a  depth  of  between 
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4  and  6  miles  according:  to  this  reasoning:.  In  mining  opera- 
tions, these  principles  must  be  borne  in  mind,  and  the  siic 
of  pillars  calculated  for  their  depth  below  the  surface,  as 
these  must  support  the  weight  and  keep  open  the  excava- 
tion, a  matter  very  important  for  shafts.  In  calculations  of 
this  character,  because  of  the  uncertainty  of  the  specific 
gravity  of  the  rock  abovie  the  excavation  and  its  resistance 
to  crushing,  it  can  be  assumed  that  each  foot  of  rock  in 
depth  having  a  cross-section  of  1  square  inch  will  weigh 
1  pound  and  exert  that  much  pressure  on  the  rock  below. 

48.  Weight  on  Rock  Pillars. — Assume  that  there  are 
several  bodies  of  mineral,  each  1,000  ft.  X  300  ft.,  that  is, 
they  have  an  area  of  300,000  square  feet  each.  Then  at  200, 
600,  and  1,000  feet  depth,  the  pressures  per  square  inch  due 
to  the  weight  of  rock  above  them,  provided  that  they  are 
horizontal,  wUl  be  200,  600,  and  1,000  pounds  per  square 
inch.  If  the  area  of  mineral  is  divided  into  twenty  sections 
50  feet  wide  and  300  feet  long,  and  twenty  rooms  15  feet 
wide  and  300  feet  long  are  excavated,  the  pillars  that  remain 
must  sustain  the  same  weight  as  all  the  mineral  before  any 
was  mined  out.  That  is,  the  cross-sectional  area  of  the 
pillars  that  equals  35'  X  300'  X  20  =  210,000  square  feet  has 
to  sustain  more  than  200,  600,  and  1,000  pounds  pressure  per 
square  inch,  according  to  the  depth.  From  the  proportions 
210,000  :  300,000  =  200  :  a: 
210,000  :  300,000  =  600  :  x 
210,000  :  300,000  =  1,000  :  x 
it  is  found  that  286  pounds  per  square  inch  is  the  pressure 
at  200  feet  depth,  857  pounds  per  square  inch  is  the  pres* 
sure  at  600  feet  depth,  and  1,429  pounds  per  square  inch  is 
the  pressure  that  comes  on  the  pillars  at  1,000  feet  depth. 

It  may  be  seen  from  this  that,  in  order  to  prevent  excess- 
ive weijjht  coming  on  pillars,  the  rooms  must  be  tnaoc 
smaller  as  depth  increases,  or  larger  pillars  must  be  left, 
which  amounts  to  the  same  thing.  Take,  for  instance,  the 
last  case  with  the  room  15  feet  wide  and  the  pillar  35  feet 
wide  and  compare  it  with  the  room  10  feet  wide  and  tte 
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t  wide.    The  original  area  of  the  mineral  would 

0  =  15,000  square  feet:  after  the  room   10  feet 
excavated,    the    area    of    the    pillar    woiild    be 

lare  feet,  and  the  pressure  at  1,000  feet  depth 
ncreased  from  1,000  to  1,250  pounds  per  square 
ing  to  the  proportion 

12,000  :  15,000  ^  1,000  :  1.250 
se  of  the  IS-foot  room,  the  increased  pressure  on 
pillar  would  be, 

10,500;  15,000  ^  1,000  :x 
X  =  1,429  pounds  per  square  inch 
ws  an  increased  weight  of  179  pounds  per  square 
a  on  the  pillars  by  the  increased  size  of  room. 
10 ft  material  with  a  good  roof,  these  pillars  must 
cl  in  size  rapidly  with  depth,  to  prevent  the  soft 
sm  crushing^. 

Btaltilngf  Excavation   Walls. — To  prevent  the 
Lcavations  from  caving,  it  is  customary  either  to 
in  place  by  artificial  means  or  to  give  the  exca- 
ss-sections,  which  will  assist  in  opposing  collapse, 
strength  to  a  degree  depending  on  its  character; 
e,  sandstone  can  sustain 
iht  than  slate,  and  granite 
sandstone,  but  every 
Urn  it  beyond  which  it 

1  has  elasticity*  and,  like 
ll  bend  before  breaking- 
^at  Fig*  9  is  a  cube  of 
ted  below  the  surface, 
ires  represented  by  the 

ling  from  every  direc* 

balance  each  other  and 
be   no  movement   of  the   rock   particles.     The 
)wnward»  side^  and  end  pressures  will  be  equal; 
(the  tenacity  of  the  rock  is  such  that  no  movement 
Assume  that  Fig*  10  is  a  section  of  a  horizontal 


-b?! 


Fifi,  » 


30 


SUPPORTING  EXCAVATIONS 


mine  excavation.  There  will  be  pressure  from  each  sk 
shown  by  the  arrows;  and  if  the  rock  is  strong:  and  free  i 
cracks,  there  will  be  no  need  of  supports.  If,  however 
pressure  due  to  the  weight  of  the  rock  exceeds  the  stre 

limit  of  the  rock  on  any  side, 
side  will  require  support.  1 
if  the  pressure  on  the  roof 
greater  than  the  tenacity  of 
rock,  the  roof  should  be  suppo 
the  same  remark  would  app 
any  other  side  b. 


50.     Rock   Plowage.— I 

side  walls  are  high,  comparec 
^'^'  ^®  the  width  of  the  excavation 

may  need  support;  or  if  the  excavation  is  wide,  compare 
its  height,  the  floor  or  roof  may  need  support.  A  pa 
ogram  is  shown  in  Fig.  11  to  represent  the  sectioi 
horizontal  mine  excavation.  The  roof  is  slate;  the  b 
fireclay.  The  excavation  is  twice  as  wide  as  it  is  high; 
fore,  if  the  pressure  is  the  same  from  all  directions,  the  t 
bottom  must  sustain  twice  as  much  pressure  as  the 
It  has  been  noticed  in  old  buildings  that  stone  bean 
this  may  also  be  observed  in  old  cemeteries  where 
slabs  are  supported  at 
each  end.  This  bend- 
ing is  due  to  what 
geologists  call  rock 
flowa^e;  that  is,  a 
gradual  change  in 
molecular  structure. 
Rocks  are  not  very 
tloxible  and  if  the  pressure  is  such  that  their  tenacity  i 
o\Mue  before  rock  flowage  can  occur,  the  rocks  break, 
ot  excavations  in  stratified  deposits  must  be  proper] 
;s>vtod  or  they  will  bend  to  a  certain  extent,  as  sh< 
V»,^  II,  by  the  upper  dotted  line,  and  then  break,  parti 
\i  nu^isture  or  gas  and  moisture  combined  find  lodgmei 


Fig.  11 
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jeiid*     The  dotted  lines  in  Fig,  11  are  exaggerated 

j^£  in  the  roofi  but  the  line  representing  the  rise  in 

m^  not,  for  in  some  instances  the  whole  excavation 

^Btli  floor  rock. 

Pmd  moisture  are  not  present  to  break  down  the  roof, 

ime times  broken  _  ^ ^ .^ 

shearing  action 

)bf,  as  iHustrated 

B.     The  ulab  a 

I  or  sandstone  is 

gm  wards  I  while 

B  do  tiot  give; 

les  a  shear  along 

tical  lines  x  and 

tbe  piece  a  falls. 

xt  piece  e  will  shear  in  time  and  fall,  but  it  will  not 

)fig  a  piece,  as  the  projections  at  the  ends  of  a  form  a 
for  a  portion  of  its  length.  This  continues  until  the 
forms  a  step-like  arch,  where  the  distance  between 

Is  of  the  slabs  is  so  small   that  no  bending  takes 

^ __  ^ place.     Such  cases  are 

to  be  observed  in  many 
localities  on  the  surface 
where  water  has  under- 
mined the  rocks.  To 
prevent  such  occur- 
rences as  the  fore- 
going;, it  is  customary, 

u  small  tunnels  in  rock  or  gangways  in  coal»  to  give 

^ess  width  than  the  bottom  and  thus  follow  nature. 

ftfi  of  a  tunnel  of  this  descripHon  is  shown  in  Fig*  18, 
arch  may  be  even  greater  when  driven  in  rock  of 

ne  character  and  not  in  mineral  as  illustrated. 


Wi^m^^^ 
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TIMBERS  AS  SUPPORTS 


SIKGLE-STICK    TIMBERING 

51.  Timbering:  Narrow  Flat  Deposits. — It  is  cns- 
tomary  in  mines  where  the  mineral  deposits  are  not  more 
than  8  feet  thick,  and  nearly  horizontal,  to  timber  with  single 
sticks  termed  props.  The  object  of  standing:  props  is  lo 
prevent  the  roof  of  bedded  deposits  from  saggfing;  and  break- 
ing down  eventually,  and  to  hold  up  loose  pieces  of  rock,  or 
cracked  roof.  The  timbers  most  g:enerally  used  as  props 
are  round  sticks  sawed  from  trees  sometimes  with  bark  on 
and  sometimes  skinned,  preferably  the  latter;  however, 
sawed  or  split  sticks  may  be  used  if  they  are  sufficiently 

stiff  to  answer  as  supports.  Props  to  ful- 
fil this  object  must  be  placed  at  right 
angles  to  the  floor  so  that  any  weight 
coming  from  the  roof  will  pass  downwards 
through  the  center  of  gravity  of  the  stick, 
as  shown  by  the  dotted  line  in  Fig.  l^- 
A  prop  is  usually  cut  from  2  to  3  inches 
shorter  than  the  height  of  the  excavation, 
and  each  end  is  sawed  square  with  the 
length,  in  order  that  the  pressure  that  comes  on  it  may  be 
received  evenly  over  its  area  at  the  roof  and  distributed 
evenly  over  its  area  at  the  floor.  When  props  are  too 
long,  miners  sometimes  cut  them  down  with  an  ax,  thus 
leaving  an  uneven  end,  which  must  mash  down  before  the 
pressure  can  be  properly  transmitted  through  the  stick  to 
the  floor.  This  is  bad  practice,  since  if  the  roof  sags  ever 
so  little  it  will  eventually  come  down;  besides,  there  is 
danger  of  the  stick  breaking,  and  while  such  timbers  suggest 
security  they  are  worse  than  none  for  they  invite  danger. 

52.  standing?  Props.  —  In  mines  where  the  roof  is 
known  to  sag,  props  should  be  placed  as  soon  as  the 
working  face  is  advanced  sufficiently  to  permit,  for,  to  mis- 
quote an  old  adage,  '*a  prop  in  time  will  save  nine."     It  is  a 
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n  occurrence  in  some  mines  where  the  advantage  of 
itiide  in  placing  props  is  not  recognized,  to  see  props 
ading  upright  siip- 
ting  only  a  small 
ight  of  rock,  the 
nainder  of  the 
;tk  roof  having 
ien  about  them  as 
>wninFig,  15.  In 
ler  to  connect  the 
yp  rigidly  with  the 
>r  and  roof,  it  is 

tomary  to  drive  a  wedge  between  its  top  and  the  roof. 
wedges,  someiinies  termed  cafis,  have  a  flat  surface  as 
the  top  of  the  post,  and  of  such  a  length  that  they 
will  extend  about  6  inches  beyond  the  edge 
o(  the  post*   Oak  and  hard  pine  sawed  from 
2  to  3  inches  thick  are  the  best  woods  from 
which  to  make  caps.     It  will  be  noticed, 
by  reference  to  Fig,  16,  that  the  prop  is 
not  stood  perpendicular  between  walls*  and 
from  the  dotted  line  that  the  side  a  is  not 
sustaining  weight  while  the  side  b  is  sus- 
taining all  the  weight,  although  the  prop 
cap  f.     Whenever  props  are  stood  in  this  manner,  a 
extra  weight  will  bend  the  prop  and  either  cause  it  to 
lIc  or  fly  out*    When-  ^^ 

'  sk  prop  is  placed  in 
Positioo    shown   in 
^'17,only  that  portion 
een  the  dotted  line 
the  side  i^  sustains 
hi,    the    remainder 
^e  prop  being  itse- 
lf the  part  ff  can 
an  the   weight   in 

!on,  a  smaller  prop  wonld  answer;  the  increase  in 
however,  does  add  a  certain  amount  of  stilteess, 
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although  there  might  be,  under  heavy  pressure,  a  shearing 
off  of  the  part  a. 

Suppose,  as  in  Fig.  18,  that  there  was  a  bump  in  the  floor 
that  did  not  permit  the  lower  cross-sectional  area  of  the  prop 
to  rest  evenly,  then  the  knob  would  act  as  a  wedge  to  split 
the  prop  through  the  dotted  line,  and  tamping  under  the 
prop  would  be  only  partially  effective  in  its  prevention. 
Occasionally  when  a  stick  is  short,  miners  will  build  up  a 
dirt  foundation  for  the  prop  to  rest  on  and  then  wedge  the 
prop  as  tight  as  possible.  This  is  bad  practice,  for  wedges 
cannot  be  driven  sufficiently  tight  to  prevent  the  prop  from 
settling  and  allowing  the  roof  to  sag  just  a  little,  which 
usually  amounts  to  just  enough  for  it  to  break  down.  Some 
miners  place  a  good  plank  on  the  floor  for  the  prop  to  stand 
on,  which  is  better  practice,  but  even  this  will  only  be 
temporarily  secure  and  not  so  serviceable  as  an  even  floor. 
In  some  localities,  it  is  customary  to  place  the  butt  end  of 
the  prop  to  the  roof,  as  it  affords  a  larger  surface  for  the  cap. 
There  is  no  objection  to  this  if  the  prop  is  sufficiently  strong 
and  it  is  placed  plumb  and  firm,  but  logically  the  butt  of  the 
prop  belongs  at  the  floor. 

53.  Supportlnpr  Cracked  Roofs. — Props  are  used  to 
support  roofs  that  are  seamy  or  where  there  are  cracks  id 
evidence,  as  in  Fig.  19.     In  such  situations,  the  props  n**^^ 


C3: 


m 


Fig.  19 


Pio.  20 


be  strong  and  able  to  sustain  the  weight  of  the  broken  pi^  j 
of  rock  above  them,  for  such  rocks  have  no  tenacity  andiflJ 
act  downwards  with  their  entire  weight,  or  part  of  their  wcight« 
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'igs-  19  and  20,  The  miner  can  sometimes 
istence  of  cracks  by  sounding,  but  if  the  rock 
jek  or  of  a  kettle-bottom  shape,  somewhat  similar  lo 
fehown  ID  Fig,  W,  sounding  will  not  indicate  its  loose- 
,  This  danger  cannot  be  guarded  against^  but  where 
ak  is  known  to  exist  it  can  be  propped  as  shown,  unless 
arge,  when  the  loose  rock  must  be  taken  down.  Where 
ck  exists,  such  as  that  shown  in  Fig.  20 Jt  is  customary 
se  longer  cap  pieces  than  in  ordinary  prop  netting, 
IS  the  rock  is  thick  and  is  known  to  be  jointed  and 
y;  in  the  latter  instance  props  should  be  placed  on  each 
of  the  crevice-  Timbering  is  varied  to  meet  the  condi* 
f  of  the  roof  existing  at  each  mine;  therefore,  in  some 
ittle  will  be  required;  in  others,  much.  But  it  is 
safe  plan  to  timber  under  a  swag  in  the  roof,  as 
gests  the  bed  of  a  stream  of  water  in  the  past  and 
tunity  for  the  accymulation  of  water  in  the  future; 
in  8at-bedded  deposits,  water  is  nearly  always 
tered  in  depressions  of  this  kind.  If  water  does  accu- 
bove  the  swag  in  the  roof,  it  will  probably  break 
without  warning,  owing  to  the  great  pressure  water 
tn  some  cases.  While  it  is  not  always  necessary  to 
the  strength  of  props  for  mine  supports,  it  some- 
ppens  that  the  sise  of  a  timber  that  will  support 
weight  is  re* 
r  which  reason 
wing  rules  for 
igth  of  wooden 
given. 

Kretij^th    of 

It  is  to  be  re- 

that  props 

set  squarely 

ends  and  to  be  perpendicular;  otherwise^  the  nilet 

n  apply.     It  has  been  proved*  mathematically,  that 

*  21,  having  flat  ends  will  sustain  4  times  as 

re  as  the  prop  r  having  round  ends;  and  li  limes 


>•  ^TTT^Pvir::::-  zzjavatioxs         852 

s  incs  ia  -r-rr:  -  z^rr=^  rce  rrc=c  ecd:  also,  it  has  been 
::i.sz^j,:'-±-i  "ru.:  "r^i;  '  .^  !♦  nzie-s  stronger  than  f.  The 
iznn^'-  :  ;r:-«t  .*  -^:r^i5e«i  wre=  their  diameters  are 
rjT:::^:^;  v:::n  .•  ■~rr;:i::7  e«;:i:Ti:e=:  to  shortening  a  stick 
I-  :  i  i-rii.-  .-z:i^^  vrec  :i:I:ire  jc^tits  simply  by  compres- 
•:::-.  m :  i  :•:  -■;  -n^:  .en-^ii  rez'f--^  assists  in  its  weakening. 
ii.'fnri-s.T  -_:ri::  ^,r.'.t-i  -: :  lilcTiIincns  cz  the  strength  of  props, 
::-  .:=^  J'^*^  -  i  ^.~'ec  J-  i^eter  -y,:!  rend  more  easily  tl 
j^:— :  _:r  -■•  ::  -^e  ione  f-  i-"g:er.  L>:  this  account,  two  for- 
i:-i.  JJ^  i.-i  ii— iz:r^;  .-e  ::r  sticis  whose  lengths  are  less  than 
:i  r-ntr  '.z-t  '  i.^T.iztr^.  irc  :=e  ::r  sticks  whose  lengths  arc 
-=.  .-=  'JL^JL  1-  iirir'?  tieir  iiineters  or  their  least  thickness. 

Zit  iv?  r:^:  ^.T-n  the  sirength  of  wooden  props  are 
:::  — -c"e::;.~  ni^rst:«:d  so  that  the  best  formulas  arc 
'^'LtTtL  :z'~  i-Tr:i:=:i:e>  correct  if  there  are  defects  or 
:=:-cr:r-^:::-f  Ji  the  sticks. 

.".*•'  -•  j:  ■•  --.-•Ff  :::•'.  :1'£'  ss^-fyg^tn  of  a  prop  varies  inverulj 
zs  :::  .i^.^:'  'r:  :::  •-: /.v:^ tiY  .v  cruskhtg  z^arUs  in proportiw 
.V  :?:  .-i-r--:::;.  ::'  '^^wr  ::  .\.*n:j:'ts:  thai  is,  the  MtcrapraP 
::  .v:-vr.'--*.  :  rs  ;:•.••:<■.-»'  ::  i  :.V  recome\  A  long  prop  may  be 
fv.rrer.ei  rv  *re:r:^  'rra:ei  ^:  :he  center  on  all  sides. 

5.5.  rrv»ps  Short  or  Than  Twelve  Diameters.— In 
Tiiie  V.  :*r.r  ?^:e  *.:-iJ>  for  posts  are  found  in  the  third 
c:'.-n:r.  -r.ier  :he  heading  Compression.  The  factor  of 
safrty  j;::ven  rr'.-.v  the  headings  to  the  columns  is  that 
ac  opted  by  r.i:!-,vay  engineers  in  bridge  construction, 
although  architects  use  a  safety  factor  of  6  for  yellow  pine 
and  10  for  i.'ther  woods.  To  obtain  the  crushing  strength 
from  this  rab'.e,  it  is  necessary  to  multiply  the  values  given 
by  the  factor  of  safety.  The  safe  load  for  posts  shorter  than 
twelve  diameters  can  be  calculated  from  the  formula 
safe  load  =  cross-section  in  square  inches  X  c, 
in  which  c  =  strength  of  material  as  given  in  Table  V. 

KxAMri.K  1.— What  is  the  safe  working  load  of  a  piece  of  10"  X  10* 
,;  |(»'  sf.'isoned  hemlock  used  as  a  prop? 
SoM'TioN.  -     10  X  10  =  100 sq.  in.  cross-sectional  area.    120in.-rlO 
IL*  times  the  thickness;  hence,  the  safe  load  is 

l.(XK)  X  100  =  100.000  lb.     Ans. 


♦i  >     ts     w     i* 

i-'o  V-  c  5  5r  «» 
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Example  2.— What  is  the  safe  working  load  of  a  cylindrical,  weB- 
seasoned  oak  stick  10  inches  in  diameter  and  10  feet  long,  when  the 
safety  factor  in  the  table  is  used? 

Solution.— Cross-sectional  area  is  .7854  X  10"  =  78.54  sq.  in. 
The  safe  working  load  is  given  in  the  table  as  1,400  lb.  per  sq.  in., 
the  factor  of  safety  being  5;  hence, 

safe  load  =  78.64  X  1,400  =  109,956  lb.    Ans. 

Example  3. — What  is  the  crushing  strength  of  a  seasoned  hemlock 
post  10  in.  X  10  in.  and  10  feet  long? 

Solution. — The  cross-sectional  area  is  100  sq.  in.,  and  the  length  of 
the  post  is  twelve  times  its  diameter,  therefore  the  safe  load  is  100,0001b. 
The  factor  of  safety  used  in  Table  V  is  5;  hence,  the  crushing  strength  is 
100,000  X  5  =  500,000  lb.     Ans. 

56.     Proi>s  Lionger  Than  Tivelve  Diameters.— When 

a  prop  has  a  length  greater  than  twelve  times  its  diameter, 
it  will  bend  under  a  load  that  a  shorter  prop  having  the  same 
diameter  would  sustain.  The  Government  engineers,  in 
making  comparative  tests  of  wood,  found  that  C.  Shaler 
Smith's  rule  so  much  used  by  engineers  did  not  agree  witb 
the  experiments.  The  formula  deduced  by  platting  the 
values  of  all  tests  made  at  the  Watertown  Arsenal  is 
accepted  by  architects  as  more  nearly  agreeing  with  actual 
results  than  any  formulas  hitherto  advanced.  For  posts 
having  knots  and  defects  or  for  which  the  loads  are  a  some- 
what unknown  quantity — that  is,  variable — similar  to  the 
loads  that  come  on  mine  timbers,  deductions  from  the  results 
obtained  by  the  use  of  this  formula  should  probably  be  made. 
Let   s  =  safe  load,  in  pounds; 

c  =  strength,  in  pounds  per  square  inch,  as  given  ifl 
Table  V; 

/  =  length  of  the  stick,  in  inches; 

d  =  diameter  of  round  sticks  and  least  thickness  of  a 
rectangular  stick,  in  inches; 


d  = 


c 


-  of  wood's  strength,  as  found  in  the  second 
100 

column  of  the  compression  table; 

a  =  cross-sectional  area  of  stick,  in  square  inches. 


=(^-'^xi> 


SUPPORTING  EXCAVATIONS 


L— What  is  the  safe  load,  In  pounds,  for  a  yetlow-pine 
S  in,  X  8  in.  and  IL^  i^tt  long? 

wrrioN,— From  the  lable,  c  —  l,00i);  hence, 

$  =  ri,(XX)  -  10  X  ^)  X  U4  ^  ^2 Am  lb.    Ads. 

UPt^n  2, — What  is  the  sale  load  for  a  white-oak  prop  10  inches 
etttr  anit  15  feet  long? 

iLunaK.— From  the  table,  f  =  900,  and  the  area  of  the  slick  Is 
by  squaring  Ihe  diameter  and  mnltip lying  the  product  by 
hence, 

S  :^  (m  -  9  X  ^)  X  TSJH  -  57,962  lb.     Ans. 

MI'LE  3. — What  is  tlie  safe  working  load*  in  pounds  per  square 
tm  A  sounds  well^seasoned,  yellow -pine  prop  10  in.  X  B  in.  and 
t  bt)g? 

ircicjK.^ln  this  instance,  the  cross-sectional  area  is  not  needed; 
t,  a  in  Ihe  iormula  is  neglected. 

l.omi  *  ^  X  ^  ^  775  lb.  per  sq.  in.    Ans. 

41IPI.&  i— What  h  the  safe  working  load  of  a  white-pfne  prop 
X  to  in   autl  14  feet  long? 

rLtnPlOH.— The  smallest  side  is  taken  as  the  breadth  and  from 
V,  £  u  found  tti  be  7(K>;  hence, 

s  =  ^700  --  7  X  ^^-J  X  80  =^  ^4,240  lb.     Ans. 

EAlCPt3  5.  — VVliat  is  the  Siife  working  load^  in  pounds  per  square 
for  an  oak  prop  10  inches  in  diameter  and  15  feet  Itrng?  A 
tlon  of  25  per  cent,  is  to  be  made  on  account  of  a  variable  load 

toctice  aoci  defects  in  the  limber. 

180 


►LunoN.—     900  -  9  X  r„   =  7*i8  lb.  per  sq.  in. 

>UQd  timber  and 

7S«  X  25  =  184  6;  738  -  184.5  =  SSS-S  lb,  per  sq.  ia.    Ans. 


r.  ptilllng  Props, — ^There  are  inethods  of  mining 
w€d,  such  as  the  long- wall  and  the  caving  s^^s terns,  where 

necessary  to  arrange  props  so  that  they  may  l>e  pulled 
L  under  their  loads.     The  object  of  this  is  to  make  the 

sag  and  break  in  long-wall  mining;  and  in  the  caving 
Etn  of  mining,  to  allow  the  debris  above  the  timbers  to 
e  uniformly.     If  the  timber  cannot  be  removed  by  the 


40 


SUPPORTING  El 


do|^  and  chain  shovni  m  Fig.  22  or  hy  tbe  use  of  a  block  sn4 

fall,  a  hole  is  bored  in  it  wiih  an  aui:er  and  a  cartridge 

inserted  in  the  hole  aod  exploded,     ll  has  been  suggested 

________^   that    pumted   pfop§ 


']  in  suchcises 
-  ;  ,  >  will  bmon  I 
and  permtl  saggitig 
to  r3ceiin  Thn  rtH 
prove  effective  in 
some  cases  of  1^ 
wall  fniniogt  V^ 
vided  that  the  pmjn 
do  not  broona  ai  tfi*  | 
bottom  m$b  '  ' 
the  lop,  ano 
come  more  diicDil  j 
to  pullibuiif  poinrrf 
props  were  tiscfl  in 
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the  caving  system  of  mining,  they  would  make  a  coiupafv 
tively  safe  system  dangerous^  since  no  movement  of  ibcwp 
should  occur  until  the  end  of  the  room  is  reached* 


58.     Creep. — It  is  customary  in  most  methods  of  miniflif  I 
to  leave  mineral  pillars  about  shafts  and  about  rooms  ta^ct 
as  supports  for  the  roof,  but  it  is  impossible  to  tormalate* 
rule  to  govern  the  size  of  pillars  that  will  cover  every  cj**  | 
and  to  prevent  the  floor  heaviug,  or,  as  it  is  termed,  creeploii* 

The  weight  on  the  pillars  virtually  mashes  the  suat»oi*j 
from  under  them  into  the  eKcavation  and  ihus  cause 
Tn  mines  with  clay  floors,  or  with  floors  of  such  m.. 
will  swell  when  brought  in  contact  with  air  and  toaistifffej 
creeping  will  occur  to  a  very  much' greater  esclent  thanwh 
the  material  is  hard  and  not  easily  acted  on*     Creep*  vA^g 
it  once  commences,  is  difficult  to  stop  and  may  doieii|il 
openings,  unless  the  material  is  removed  as  it  bulges  u|>  j 
the  floor.     Probably  the  only  method  of  effectually  pn 
ing  creep  is  to  leave  large  pillars  at  the  commencemesil  ^ 
operations. 
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'OHTIWO  INCIjLNED  EXCAVATIONS 

tlOQf  Falls,— Excavations  made  in  inclined  deposits 
tieir  walls  to  he  supported  somewhat  differently  from 
ide  in  flat  deposits*  By  reference  to  Fig.  2S  (d),  it 
Mtk  that  the  rock  that  falls  from  the  roof  forms  a 

■ch  above  ^MUfLffimfmf^A  ^^^^^^^^^m^^^f^^m 
ration;  with  HJfmLnHlJ'wm*ll'ii  '      W   ';? 


f^A 
^ 


fa) 


ition;  with 
strata,  this 
11  have  less 
y    and    will 

ie  form  a 
ite  of  the 
lU  decrease 
iclination  of 
is  increased 
'  perpen  die- 
ached  t  when 
Qe  will  be 
^lere  are 
B  support 
Ry  acts  ver- 
ownwards 
the  deposit, 
of  mineral 
inclinations 
m  great  te* 

iherwise  they  will  crtjmble  fast.  In  some  instances, 
ppery  mineral  is  on  an  inclination  above  30°  from 
;ontaK  no  mining  is  necessary,  the  mineral  falling 
i  coming  down  to  the  level  as  fast  as  it  can  be 

I  taken  away. 
f  Pre&sure.— The  pressure  on  the  roof  of  an 
is  greatest  when  the  bed  is  horizontal^  and  least 
eposit  is  perpendicular,  for  in  the  latter  case  the 
lly  its  own  weight  to  support,  and  that  may  be 


^^^rVzr;: 


^       (^^ 


(d) 
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lessened  by  mining.  If  there  is  a  pressure  of  1.000  pounds 
per  square  inch  on  a  pillar  in  a  horizontal  bed,  the  pressure 
would  be  reduced  to  .86603  pound  per  square  inch  if  the 
deposit  were  inclined  30°  from  the  horizontal  and  the  pillar 
were  at  right  angles  to  the  walls,  and  so  on  until  the  depoat 
was  perpendicular,  when  there  would  be  no  pressure  from 
overhanging  strata.  According  to  the  resolution  of  forces, 
the  pressure  P,  Fig.  23  (^),  that  acts  vertically  downwards  is 
separated  into  two  components  a  and  b  when  a  deposit  r  is 
inclined.  The  line  of  greatest  stress  will  not  be  in  the  direc- 
tion a  nor  yet  b,  but  in  the  direction  of  the  line  d  or  the 
resultant  of  the  two  stresses  due  to  pressure.  In  more 
highly  inclined  deposits,  as  represented  in  Fig.  23  (f),  it  will 
be  noticed  that  the  stress  a  perpendicular  to  the  deposit  is 
less  than  in  the  former  case;  while  the  stress  b  parallel  to 
the  deposit  is  increased  and  approaches  more  nearly  the 
vertical.  This  will  continue  until  the  deposit  is  vertical 
when  the  pressure  P  will  act  parallel  to  the  deposit  and  the 
pillars  will  have  only  their  own  weight  to  sustain.  The 
magnetic  iron-ore  deposits  of  New  York  and  New  Jersey  are 
inclined,  and  when  worked  have  small  pillars  of  mineral  left 
to  support  the  roof.  These  excavations  are  quite  free  from 
roof  falls,  although  in  some  cases  they  are  2,000  feet  deep. 
The  upper  sides  of  these  pillars  are  horizontal,  being  the 
floors  of  former  levels,  while  the  under  sides  are  given  an 
angle  sloping  from  the  hanging  wall  to  correspond  in  a 
measure  with  the  component  a,  which  is  at  right  angles  to 
component  b.  Fig.  23  {b)  and  (r). 

(51  •     Hlngrle-Stick    Timbering  in   Narrcw   Inclined 

Deposits. — The  principal   levels  in  ore  mines  are  usnallT 
timbered  for  the  purpose  of  support  or  to   guard  against 
accident  from  small  pieces  of  falling  rock.     The  timbering 
required  in  narrow  deposits  is  generally  single-stick  timber- 
i"^  li^k^gt^d  over.    When  heavy  ground  or  loose  rock  is  to  be 
supported,  cross-timbers,  termed  stulls,  are  placed  over  the 
])ack    or    top    of   levels    and    covered   with    lagging.     The 
l^ggfing  prevents  small  rocks  from  falling  on  to  the  level 
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also  furnishes  a  storage  place   for  rubbish.     In  some 

ps,  still  Is  are  placed  as  occasional  supports  for  loose  rock 

are   not   lagged*     In  narrow  deposits,   stulls   may  be 

lily  handled;  but  when  deposits  are  wider  than  8  feet  and 

^  timbers  are  large,  it  requires  considerable  extra  work  to 

}l  them  in  place.     To  prepare  rests  for  the  ends  of  slulls, 

customary,  whenever  the  walls  will  permit,  to  chisel 

aes  in  the  rock.     When  loose  rock  is  to  be  supported,  it 

lot  customary  to  cut  hitches  in  the  loose  piece»  but  to 

kiig:e  the  stuU  in  such  a  position  that  the  stress  will  be 

ipressiye  along  the  length  of  the  fibers  rather  than  across 

[fibefii.     Some  aiithori- 

\  have  held  that  the  main 

pressure  is  transmit* 

at  right  angles  to  the 

ination,  but  this  cannot 

[true  where  a  piece  of 

has  broken  loose  from 

walls;  and  in  such  in- 

aces  a  sUght  inclination 

le  rise  must  be  given 

Stull    to    prevent    the 

pifht  of  the  rock  riding 

ie  dip.   This  feature  is 

itrated  in  Fig,  24,  where 

pressure  on  the  stull  c  is  transmitted  to  the  foot-wall, 

where  any  movement  of  the  hanging  wall  will  tend  to 

take  the  joints  tighter* 

On  the  other  hand,  in  case  the  stull  was  put  in  at  right 

[i£les  to  the  walls  of  the  excavation  t  as  shown  by  the  dotted 

^s  A,  any  movement  of  the  hanging  wall  would  throw  out 

stnll.     Tn  placing  stulls,  it  is  better  not  to  break  the 

feeing  wall  if  it  can  be  avoided^  as  [that  will  sometimes 

water  to  flow  from  the  break  into  the  level.     It  does 

matter  so  much  if  the  fool- wall  is  broken,  since  the  water 

follow  the  wall»  which  is  on  the  ditch  side- 

fPhere  the  timbers  are  used  in  inclined  deposits  they  have 

dderable  weight  to  support,  and  hitches  are  cut  in  the 


Fig.  24 
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Timbers  can  be  strained  very  near  to  the  breaking  point 
Hiout  serious  injury;  but,  from  imperfections  not  seen, 
Dares  sometimes  occur  at  very  low  limits.  Knots  are  the 
ost  serious  features  in  beams  and  practice  has  demonstrated 
Rt  beams  break  at  knots,  thus  exploding  the  old  practical 
Bory  that  tight  knots  are  not  detrimental  to  timbers. 

84.     To  Find  the  Breaking:  lioad  of  a  Horizontal 
Mm  Supported  at  Botli  Ends. — The  safe-load  formulas 
opted  by  the  United  States  Department  of  Agriculture  for 
ams  supported  at  both  ends  are: 
Uniformly  loaded  beam, 

5=i^'  (1) 

Load  concentrated  in  the  middle, 

5=2^  (2) 

^hich         X  =  modulus  of  rupture; 

S  =  safe  load,  in  pounds; 

d  =  breadth  of  beam,  in  inches; 

k  =  height  of  beam,  in  inches; 

/  =  length  of  beam,  in  inches. 
The  modulus  of  rupture  or  extreme  fiber  stress  is  given  in 
ible  IV,  with  the  factor  of  safety;  and  to  arrive  at  the 
caking  strength,  multiply  the  safe  strength  in  the  table  by 
e  factor  of  safety.  Railroad  engineers  use  6  as  the  safety 
ctor  and  architects  3. 

Example  1. — Find  the  safe  working  load,  in  pounds,  of  a  seasoned 

^g-leaved  yellow-pine  beam  8  inches  square  and  6  feet  long,  sup- 

'yted  at  both  ends,  using  6  as  a  factor  of  safety,  the  load  being 

lifonnly  distributed. 

Solution.— 

^  _  ^Rbh"  _  4X1.200X8X8*       --  „-^  ,.        .^ 
S^-^j-^  3^02 =  11.378  lb.    Ans. 

^^en  a  timber  is  green,  the  load  it  will  support  is  about  33  per 
^^»  or  one-third  less  than  that  it  will  support  when  seasoned. 

Example  2.— Find  the  safe  working  load,  in  pounds,  that  a 
'^^oned  long-leaved  yellow-pine  beam  8  inches  square  and  6  feet 
^^S  supported  at  both  ends  will  support  loaded  at  the  middle,  using 

^ctor  of  safety  of  6. 


46  SUPPORTING  EXCAVATIONS  §3 

o  /  o  X  <2 

Sicc«  example  2  is  the  same  as  example  1.  with  the  exceptiooof 
pUcin^  the  loads,  and  since  a  beam  nniformly  loaded  will  support 
iwiv^  OS  much  as  the  one  loaded  in  the  middle,  the  example  cooM 
hdiw  been  solved  by  dividing  the  answer  found  for  example  1  by  2. 

KwMi^LK  3.— id)  What  will  be  the  safe  load  for  a  seasoned  whit^ 
V*.*j<  Smiu  >uppi>rted  at  both  ends  and  uniformly  loaded  when  its  length 
s  V^  ;w^.  !t«  h^i^ht  12  inches,  and  its  breadth  8  inches?  (b)  Whit 
%vsi;c  Nj  tihf  safe  load  were  the  stick  green? 

5k*ivrio.N  — .  j^  Using  6  as  a  factor  of  safety, 

.       kK>V       4  X  700  X  8  X  12  X  12       .  ,^  «       .„, 

"  -     ^; 33044 =  '-^  '^-  ^^ 

\  k?:  ,-  S  «  2.489  and  7,467  -  2.489  =  4,978  lb.    Ads. 

*i\vHfc*L»t  I.  -Tsing  6  as  a  factor  of  safety,  what  load  would « 
>«.k>4^«N:  .s4'i.  Nfam.  12  inches  in  diameter,  snpport,  assuming  it  to  be 
'*  .wx  \>a^.  uuiJtv>rmly  loaded,  and  supported  at  both  ends? 

S^»i.i.  uv»N  A  s'^vlindrical  beam  is  only  ten -seventeenths  as  strong  » 
.fc  >k|u*i:  V  >fa*«  wh^ViW  s^ide  is  equal  to  the  diameter  of  the  circle;  hence, 
riuvi  :iw  \saU  t<.*r  a  cv>rresponding  square  beam  and  divide  it  by  ^•'• 
lu  :iii!x  >:as«>.  >  -  li';  hence, 

,       «  .\  *•       4  X  1.000  X  12  X  12  X  12 


S:  3  X  144 

16,000  -r  1.7  «  9,412  lb.  Ans. 


=  16,000  lb. 
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(PART  2) 


MINE  TIMBERING 


8INGI.E.STICK   TIMBERING 

ular  WuUs, — If  the  walls  of  an  excavation  are 
and  fairly  regular,  the  excavation  may  need 
My  timbering;  but  if  the  walls  are  irregular  or  soft, 
ire  nearly  always  required,  in  Fig.  1  is  shown  a 
etimes  adopted  when  the  foot- wail  has  adifierent 
from  the  hang- 
n  this  ease»  the 
hanging- wall 
a  bevel*  to  con- 
b  the  wall  and 
pht  joint.  The 
K  2  or  3  inches 
ban  the  distance 
walls,  in  order 
edge  may  be 
r  its  foot  and 
ight  joint.  If 
re^lar  order, 
e  lagged  over, 

s  placed  on  the  lagging  to  cushion  the  blow  from 
that   might   otherwise   knock  out  the  wedge, 
d  pressure  will  tighten  the  joints  between   the 
e  walls. 

^m^maiianal  Tt^tb&nJt  Campan),     Lwtifid  at  Siatifftufi"^  Hal:,  L.mdim 
i  f3 


Pig.  I 
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2.  Measuring:  the  Width  of  Inclined  Deposit^.— The 
width  of  a  vein  is  measured  by  a  line  perpendicular  to  the  foot- 
wall,  and  any  deviation  from  this  direction  will  make  the  width 
greater.  Frequently,  veins  are  measured  on  a  slant,  in  order 
to  make  them  seem  wider  than  they  are.  There  is  some 
diflEerence  of  opinion  as  to  what  constitutes  a  wide  or  a 
narrow  vein,  and,  as  the  matter  is  arbitrary,  a  vein  whose 
perpendicular  distance  from  the  foot-wall  to  the  hanging  wall 
is  more  than  8  feet  is  here  considered  to  be  a  wide  vein. 
The  distance  between  the  walls  enclosing  a  deposit  is  meas- 
ured with  a  slide  try  rule,  and  by  this  means  the  length  of  the 
timber  when  in  position  is  ascertained.  The  try  rule  furnishes 
a  templet  with  which  the  length  of  the  stick  may  be  more  accu- 
rately determined  than  with  a  tape  measure. 

3.  Timbering  Wide  Inclined  Deposits. — For  sup- 
porting the  walls  of  inclined  deposits,  single  sticks  are  little 
used  if  the  excavation  is  made  more  than  12  feet  wide,  for  the 
reason  that  the  supports  would  have  to  be  heavy  timbers, 
which  would  sometimes  be  difficult  to  obtain,  besides  bein? 
more  expensive  to  set  up.  If,  however,  single-stick  timbering 
is  employed  in  such  places,  a  block  and  fall  will  probably  be 
necessary  to  raise  and  swing  the  heavy  stick  into  place.  M 
there  are  no  timbers  above  on  which  to  fasten  the  tackle 
block,  iron  pins  may  be  driven  into  holes  drilled  into  the 
rock  for  the  purpose.  This  will  require  a  ladder  or  temporary 
scaffolding  for  the  driller  to  stand  on. 

In  addition  to   the  foregoing,  there  are  certain  physical 
peculiarities    in    long  heavy  sticks  that  have  an  important 
bearing  on  their  use.      The  strength  of  a  timber  decreases 
with  its  length;  that  is,  a  stick  that  is  longer  than  twelve 
times  its  diameter  or  least  depth  will  by  reason  of  its  weig^^ 
exert  an  influence  on  its  own  stiffness.     While  it  is  true  that 
some  woods  will  bend  more  than  others,  yet,  on  account  of 
imperfections,   such  as  checks,  knots,  and  shakes,  and  the 
imcertainty  of  the  load  that  will  be  placed  on  the  sticks 
in    the    mines,    the    bending    factor    cannot    be    definitclj 
determined. 
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mber  Kuotd, — Wlienever  timbers  are  to  be  raised 
Hfered  \^ith  ropes,  it  is  customary  to  fasten  tbem  in  rope 
6,  or  secure  them  with   knots.     A  sling  is  merely  a 

piece  of  rope  tied  or  spliced  so  as  to  make  a  small 
)BS  belt.  This  belt  is  then  looped  around  the  slick, 
the  hoisting-rope  hook  attached  to  the  loose  end  of 
oop.  When  timbers  are  to  be  hoisted  to  a  consider- 
hcight  or  lowered  down  shafts*  timber  knots  are  some- 
i  tied.  The  knot  shown  in  Fig.  2  (<?)  is  a  fairly  good 
and  is  much  used  by  bridge  builders  and  framers;  it  is 
d  the  I'tirpenter- 6  knot.  The  knot  shown  in  Fig.  2  (6) 
10  a  good  one;  if  properly  made,  it  has  some  advantage 

the  carpenter's  knot,  in  that  it  presents  a  full  hitch  for 


fa; 


<«•) 


Pm.  2 


t*^> 


lug  the  timber  and  a  loop  that  offers  further  frictional 
itaoce  to  the  timber  slipping.     This  knot  is  much  used 

ggers  and  framers,  but  is  not  recommended  for  lower* 
iitlbers  dowB  shafts  unless  the  rope  at  the  knot  is  spiked 
e  timber.  Fig*  2  (c)  is  a  timber  hitch  and  loop,  which 
B  Iwo  surfaces  against  slipping.  Stiff  new  ropes  are 
fco  good  for  lifting  or  lowering  timbers  as  pliable  old 
^»  for  which  reason  slings   and    knots  should  be  tied 

old  rope  ends^  rather  than  with  new  ropes. 

Lo'wcrlnijf  Timbers  Into  the  Mine. — It  is  seldom 
>wer  timbers  into  mines  witli  ropes  attached  to  the 

Ide  of  a  cage,  even  when  the  loop  or  knot  is  spiked 
stick.     Long  sticks  hung  in  this  way  turn  and  swing. 

3CS,  the  motion  is  so  great  as  to  cause  the  timber  to 
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1.:  ihe  shaft  walls  and  catch  against  some  projection.  In  such 
ci«s.  the  knot  may  become  loosened,  and  the  stick,  when 
rre^  from  the  wall,  may  slip  and  fall  to  the  bottom  of  the 
sitjirt:  or,  if  the  knot  does  hold,  there  is  danger  of  the  hook 
bevx^ming  detached  from  the  loop  and  of  the  stick  falling 
down  the  shaft.  It  is  best,  therefore,  in  inclined  shafts  to  rest 
one  end  of  the  stick  on  the  car,  and  in  vertical  shafts  either 
to  rest  one  end  of  the  stick  on  the  cage  bottom  or  to  suspend 
the  timber  by  a  clevis  attached  to  the  under  side  of  the  cage. 


6,  Liowerlngr  Timbers  Down  Vertical  Shafts. — Where 
a  timber  must  be  taken  down  a  vertical  shaft,  the  best  practice 
is  to  bore  a  hole  through  the  timber  about  1  foot  from  the  end, 
then  place  a  clevis,  Fig.  3,  over  the  end,  and  finally  insert  a 
bolt  through  the  clevis  eyes  and  the 
hole  in  the  stick.  A  nut  is  screwed 
on  one  end  of  the  bolt,  and  the  clevis 
and  stick  are  suspended  from  beneath 
the  cage,  or  from  a  hook  in  the  hoist- 
ing rope  if  no  cage  is  used.  A  short 
piece  of  rope  is  spiked  to  the  lower 
end  of  the  timber,  so  that  the  log  can 
be  steadied  before  lowering  and  can 
be  drawn  into  the  level  at  the  bottom 
of  the  shaft. 

Sometimes,  tongs  made  with  sharp 
points,  like  ice  tongs,  are  used  in 
place  of  a  clevis  and  bolt.  The  points 
of  these  tongs  are  driven  into  the 
sides  of  the  stick  to  be  lowered, 
while  the  handle  ends  are  attached 
to  the  cage  or  rope.  The  weight  of 
1^  log  when  suspended  causes  the  tongs  to  grip  the  log 
irK^ty.  but  there  is  danger  of  the  log  getting  away  unless  a 
ii^xk'  rv^l>e  is  used  and  extreme  care  is  exercised  in  raising 
d«^  ^s'^C  tTvMU  the  ground. 

Xi^^^Jwr  system  employed  is  one  in  which  tongs  having 
)i{«nit^M«l  tteth  to  clasp  the  log  and  prevent  it  from  slipping 


Pio. 
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ib1  cases,  will  be  found  sufficiently  accurate  for  all  ordi- 
conditions  in  practice,  the  error  from  its  use  not  being 
thaii  a  few  inches* 

L  =  lengfth  of  stick; 

w  ^  width  of  shaft: 

h  —  heifi^ht  of  level  or  gangway; 

4  —  least  dimension  of  stick; 
L  ^    >r{2wr  +  (2 A)'  -  2d 


AM  ft  E.— What  is  the 
[th  of  the  longest  tim- 
JB  inchtfs  Htjni^re  that 
be  taken  down  a  shaft 

is  ^  feet  wide  aEitl 
>  a  gangway  that  is 
«t  high? 

LUTlON.^See  Fig.  5. 
\  the  width  of  the 
L,  8  ft*,  is  represented  '^, 
&^  the  height  of  th€ 
I,  12  ft.,  by  di%  aad 
le«isl  dimension  of  the 
IJy  fL,  by  jk  and 
IC  15  required  to  find 
longest  stick  of  timber 
can  be  taken  around 


■',j  y/X,  fj//'^'''r/'tj'y^i. 


% 


FiQ,5 


corner  h.     Substituting  in  the  fetters  of  the  formtila, 


L  =  <  (2  X  8)*  +  (2  X  12)'  -  2  X  1.5 

s  SS.S44  -  3,  or  25.84  ft.,  approitimately. 


Ans. 


TWO-8TICK  TIBIBERIKG 

|0,    Flat  Deposlts*^Two  timbers  so  arrang^ed  that  one 
assist  the  other  in  supporting  the  walls  of  excavations 

TAX  of  a  number  of  combinations  that  find  appHcation  in 

Ml  flat  and  inclined  deposits*     Fig,  6  shows  a  method  of 

sporting  a  roadway  or  preventing  a  piece  of  roof  from  fall- 

into  a  room.     It  is  termed  eap-and-ijost  tlnilierfngf, 

can  be  used  wherever  the  roof  is  strong.     The  cap  a, 

Ich  is  about  A  inches^ thick,  should  not  extend  more  than 
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2  feel  on  any  side   itom   llie  center  of  the  post  ^  ^ 

shooJd  be  flush  »!* 
the  raaf.  The  post 
must  be  firmly  plaiC«4 
aod  at  ngbl  angles 
to  the  cap* 

11,    AsmiilarsfS* 
tern    of   titn 
used   in  Cai 
drift-gravel  mineiris 
shown  111  Fig.".  The 
Pio.  $  post  is  stood  in  aj?ct* 

pendioilar  position,  pmd  the  cap 

driven  into  place  by  blows  from  a 

mauL    Gravel  beds  in  which  such 

limberinif   is   practiced    must    be 

cemented     or    free    from    water. 

Hard  pan  may  be  timbered  in  this 

way,  provided  the  openiogrs  are  not 

wide  and  there  is  no  water  run- 
ning through  the  ground*     Frozen 

grave!  in  the  Alaska  placer  mines 

does  not  require  timbers  of  any 

kind  to  support  it. 

12*    In    flat   depositSt  when   it   is    desired  to  keep  ^ 

roadway  into  a  to^^^ 


T 


Fig,  n 


^f  y  -   open    and   safe.  ^^ 
t^^gi  limbering   shottti  ^ 
'■     Fig,   8    will   an$¥ty. 
provided  the 
is  not   too  5    : 
crumbly.  TheooBar^ 
rests  on  the  pmi  i^^ 
^  in  a  hitch  a  cut  tiiJO 
^^^  the  ttiineraL    Six* 
timberin 


to  stand  only  while  the  room  is  being  worked. 
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nbenng  is  also  used  in  the  slicing  system  of  mJning,  the 
tr  being  retnoved  after  the  gallery  had  reached  its  limit, 
rder  that  another  slice  of  mineral  may  be  cut  from  the 
The  object  of  removing  the  timbers  is  to  permit  the 
to  cave,  and  make  mining  easier,  aod  also  to  avoid 
langer  to  which  miners  would  be  subjected  if  the  weight 
Id  come  on  the  ore  and  timbers  left  standing. 

t.    Tl inhering  Xievels, — In  ore  mines  where  the  foot- 
is  weak,  the  system  of  timbering  shown  In  Fig,  9  may 


l\ 


•^M 


.^ 


wfeMiaM 


'^ii^h 


^-^1 


iTacticed.  In  this  case,  the  vein  is  highly  inclined,  and 
rock  is  thrown  on  the  lagging  to  get  it  out  of  the  way 
to  act  as  a  cushion  in  case  there  should  be  a  rock  falL 
collar  a  and  the  leg  if  are  both  hitched  into  the  rock  and 
►oth  lagged,  the  former  to  keep  stuff  off  the  level,  and 
Iter  to  prevent  the  foot-wall  from  caving.  Since  there 
he  more  or  less  pressure  from  the  foot-w^all,  it  will  be 
^»afy  to  brace  the  leg  with  the  collar  a;  and  as  there  will 
onstderable  weight  on  the  collar  from  the  gob  piled  on 
Egging  r,  it  will  be  necessary  to  notch  the  timbers  as 
rn  tn  Fig,  9  {&}.     The  leg  also  must  be  pressed  firmly 
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against  the  collar  by  the  wedge  </.  Beams  are  stiffened  con- 
siderably by  being  fastened  firmly  at  the  ends,  for  whkh 
reason  the  end  e  should  be  fastened  as  tightly  as  possible  by 
the  wedge  c.  In  all  cases  of  mine  timbering  in  which  two 
or  more  sticks  are  used,  the  ends  must  be  wedged  tightly 
and  the  joints  made  flush,  for  should  a  slight  movement 
occur  there  is  danger  of  the  entire  set  collapsing.  While 
the  flat  side  of  split  lagging  is  often  turned  toward  the 
excavation  and  apparently  is  better  so  arranged,  yet  on  con- 
sideration it  will  be  seen  that  the  flat  side  should  be  placed 
next  to  the  wall  to  resist  the  pressure,  as  the  fibers  will  be 
in  tension  on  the  round  side  and  in  compression  on  the  flat 
side — positions  not  suited  to  their  greatest  strength. 

14.  Supi>ortiiisr  Ilansrinsr  Walls. — Fig.  10  shows  a 
method  of  timbering  hanging  walls  that  are  too  soft  to  cart! 
stulls.  or  in  which  it  is  undesirable  to  cut  hitches.  As  the 
ore  or  rubbish  accumulates  on  the  lagging,  the  cap  piece  fl 
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is  pressed  more  firmly  against  the  hanging  wall  by  the 
stull  b,  Stulls  in  such  sets  should  not  be  more  than  4  feet 
apart  and  should  be  as  nearly  on  a  line  as  it  is  possible  to 
place  them. 
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fairways*  Brattice  cloth  is  seldom  used  in  ore 
Sut  there  are  many  instances  where  it  could  be 
«rith  advantage  and  economy.  Statistics  show  that 
oers  do  not  Vive  so  long  as  coal  miners,  which  is 
i  to  the  fact 
lUer  are  pro- 
h  better  air, 
.  U  (-^).  ibe 
jsit  is  sup- 
3  be  more 
^et  wide  and 

The  stuH  ti 
litches  cut  in 
lag  and  foot- 
tl,  on  accotini 
gth,  the  leg  ^ 

in  the  posi- 

ill  parallel 
IfoDi-walt 
ay  be  brat- 
!b  cloth  or 
if  the  space 
the  wall  and 
s  needed  for 
ssaee. 


/ 


llllll  Hoott) 
lii|C.— An  at- 
taieen  made 
Hiron-ore 
Hesseo  the 
K  timbering  f''> 

te  of  timbers  ^^  ** 

i  in  Fig-  15  {a).  This  is  one  of  the  various  milling 
of  mining  that  have  been  practiced;  the  ore  between 
lines  i*,  b  is  worked  into  the  mill  c,  and  drawn  off 
on  the  level  d.  The  distance  between  the  levels 
bout  60  feet,  while  the  width  of  the  room  covered 
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the  cap.  The  leg  is  shown  standing  on  a  plank,  Fig.  12  U). 
This  is  not  a  good  plan,  unless  the  downward  pressure  on 
the  collar  is  greater  than  the  side  pressure.  If  the  side 
pressure  is  greater  than  the  downward  pressure,  the  Icj 
must  be  let  into  a  notch  cut  in  the  floor.     If  the  floor  is  too 

soft  to  sustain  the  pressure 
that  comes  on  the  timbers, 
three-stick  timbering  must 
be  used  in  place  of  two- 
stick  timbering,  the  third 
stick  acting  as  a  sill  for 
the  leg. 

1 6.  To  gain  height  and 
at  the  same  time  keep  the 
ore  from  falling,  the  sys- 
tem of  two-stick  timber- 
ing shown  in  Fig.  13  is 
sometimes  adopted.  For 
the  timbering  to  be  of  much 
service,  the  space  between 
the  timbers  a  and  h  and 
the  walls  must  be  entirely  filled  with  lagging.  The  centers 
between  such  timber  sets  should  not  be  more  than  5  feet  apart. 

17.  Tiniberinjx  T^evels  in  Wide  Veins. — Fig.  14  (tf) 
ami  (/')  shows  two  simple  methods  of  two-stick  timberin? 
in  wide  deposits.  Fig.  14  (^)  may  represent  slope  timbering 
in  a  thick  t)re  deposit,  level  timbering  in  a  flat  deposit,  or 
level  timbering:  in  a  thick  ore  deposit.  The  collars  rests  in 
liitches  cut  in  the  mineral,  and  is  propped  up  by  the  post^. 
which  i^ives  it  stiffness.  By  this  arrangement  the  collar  is 
practically  tlivided  into  two  sticks,  each  of  which  is  supported 
ai  the  ends,  thus  making  it  possible  for  the  collar  to  support 
;^: eat  weii^ht.  The  post  is  made  less  than  twelve  diameters 
IvMiLT.  and  is  placed  vertically.  An  advantage  sometimes 
lieiived  fri>m  placinj^  posts  in  this  position  in  long  tunnels  is 
that,  it  brattice  boards  c  are  nailed  to  the  posts,  the  tunnel 
is  divided  into  two  compartments,  which  will  answer  the 
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166  of  airways.  Brattice  cloth  is  fieldom  used  in  ore 
ig,  but  there  are  many  instances  where  it  could  be 
:ed  with  advantage  and  economy*  Statistics  show  that 
1  miners  do  not  live  so  long  as  coal  miners,  which  is 
lUled  to  the  fact 
ht  latter  are  pro* 

with  better  air. 

Fig.  M  (*).  the 
deposit  is  s\ip- 
1  to  be  more 
8  feet  wide  and 
led.    The  stuU  a 

in  hitches  cut  in 
langfing  and  foot- 
,and  e>naccDUOl 

length,  the  leg  ^ 
aced  in  the  po?.i- 

shown    ])arallel 

the  foot- wall. 
leg  may  be  brat- 

with  cloth  or 
d^s,  if  the  space 
eeo  the  wall  and 
eg  is  needed  for 
[r  passage* 

St;iill  Hooiti 

hfrlnic. — Anat- 
t  has  been  made 
lome  iron-ore 
S   to  lessen   the 

xnt  of  timbering 
i«  use  of  timbers 
jd  as  in  Fig,  15  {a).  This  is  one  of  the  various  milling 
ms  of  mining;  that  have  been  practiced;  the  ore  between 
Jotted  lines  ^,  ^  is  worked  into  Ihe  mill  r,  and  drawn  off 
Hm  cars  on  the  level  d.  The  distance  between  the  levels 
ie  is  about  6CJ  feet,  while  tlie  width  of  the  room  covered 
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by  the  stalls  is  about  20  feet*  Timberiog  of  this  kind  «] 
objectionable  in  most  cases,  uoiess  tlie  timbers  a  cata 
eiveo  a  pitch  of,  say«  I  in  3;  that  is,  for  every  3  feet  aloo^ 
the  line  m,  there  will  be  1  foot  rise  along:  the  line  n.  Thtii 
not  enough  for  heavy  g^round,  since  the  more  oe^ 
sticks  approach  the  horizontal  or  the  line  m^  the  less  s(r 
they  wilt  have  lo  resist  pressure.     To  explain  this*  sapp 

that  n  were  an   " 
then,     the    press  i 
weight  would  pass  through  i 
center.    If,    h 
inclined,  one  i 
would  act  perpendicular  to  I 
stick,  and  the  other  part 
be    transmitted     through   tlifl 
stick  to  the  ground  or  to  the 
support  on  which  the  post  w* 
resting.     The  greater  the 
clinattou  of  the  stick  from  the 
perpendicular,  the  Ic&f*  wci^J 
would    be    required   to  toppk 
it  over.     The  same  reasoflincl 
applies  to  each  of  the  sticks  d 
the  nearer  they  approach  lb 
horizontal,  tiie  greater  the] 
sure  from  weight  must 
bear;  lor,  when  each  is  on  i 
high  slant,  only  a  small  part  < 
the  pressure  i 
lar  to  the  stu 

part  being  transmitted  tbrongi] 
the  sticks  to  the  heels  o,  a>     As  the  inclination  >« 
the  perpendicular  pressure   increases  until  tlii 
horizontal   and  become  like  a  beam  resting  at   twt> 
There  is  another  objectionable  feature  tr     '  ^  '     ' 

stoping  is  carried  on  above  such  timber 
is  rarely  possible  in  such  cases  to  distribute  the  load] 
formly  on  each  stick*     In  case  one  limber  has  m 
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the  other,  it  will  push  the  other  up  at  the  joint,  and 

sntuallf  both  will  fall.     This  may  be  obviated  in  some 

free  by  means  of  a  ridge  pole  /,  Fig.  15  (^),  or  by  a  block 

shaped  like  a  keystone.     Ordinarily,  snch   keys  niake  the 

timbers  bind  tig^hter,  so  that  a  coinparatively  light  load  on 
the  key  will  bii lance  a  heavy  load  on  either  stick* 

^10.  Strains  ou  liicUnefl  Beams.  —  When  a  stick 
Bives  pressure  parallel  with  its  length,  it  is  a  post  or 
>p  and  is  better  able  to  resist  strains  than  a  stick  inclined 
i  placed  in  a  horii^ontal  position  and  loaded  at  an  angle  to 
length.  This  is  due  to  the  fact  that  wood  is  stronger 
ith  the  length  of  its  fibers  than  across  them.  The 
:iple  applies  to  two-stick  timberings  Fig,  15,  where 
farther  the  feet  *?,  q  are  spread,  the  less  able  the  sticks 
to  carry  weight.  When  sticks  are  in  such  positions,  the 
essure  is  transmitted  along  the  sticks  to  the  walls;  then, 
"as  the  action  is  equal  to  the  reaction,  the  pressure  is  trans- 
mitted back  again,  so  to  speak,  and  the  two  sticks  are  under 
compression.  H  one  of  two  sticks  has  more  inclination  than 
the  other*  as,  for  example,  ^,  Fig.  13,  it  receives  the  greater 
strain*  This  is  a  fact  worth  remembering,  since  in  mine 
^tmbcring  it  is  often  advisable  to  use  timbers  in  this  manner, 
K[l  is  an  important  fact  that,  however  different  either  of 
^K  inclinations  or  the  lengths  of  two  timbers  may  be,  or 
PpH'ever  different  the  total  strains  in  the  direction  of  their 
respective  lengths,  the  horizontal  strains  caused  by  the  load 
^H|i  the  weights  of  the  beams  will  always  be  equal  on  both 

^^^  THREE-STICK  TIM  BE  RING 

O,  Bllclnijf  and  Cavlii|ir  Tfinber  Sets, — Some  wide 
osits  are  mined  as  if  they  were  flat  deposits*  One  system 
mining  wide  beds,  known  as  sileing  and  cJivlnie,  is 
wn  in  Fig.  16,  The  ore  a  is  removed  by  driving  drifts  b^ 
exaivation  being  sopported  by  timber  sets  composed  of 
legs  €t€  and  collar  d.  The  sets  are  placed  about  6  feet 
ift  from  center  to  center,  the  drift  being  8  feet  wide  inside 


r  1.1'i  "  zt^z  '  z'  "^^^<£^  — -^  r^-  T^*  pz-stsa^d  collar 
;t:  i  ztrz^t.-fi  r-iTdi.  Aner  ibe  fnf:  reacies  ihc  walls 
i-i^'.-T'i  ii-i  "m-ii  ir:-!  tii-i  irs  rtTTivec  acd  tfaree 
::nieri  /  ir:-=:  *:  ::   *  — 'i^-t-s  n  ci£=:e:er  arc  placed 


Ficlf 

r.^  the  n:  :r  c:  the  drift.  At  right  angles  to  these  tir 
'5.  s:ip*.ir-2?-  si"J^*n::'.I  slabs,  or  boards  /  are  laid.  T'r 
I'rer  sr:s  are  then  knocked  out  and  the  roof  allowed  i 
e.  F .  r  :he  sake  of  econon:y.  the  timber  sets  are  recovert 
:ar  as  r?ss:b.e.  bur  \i  they  cannot  be  pulled,  holes  a: 
rei  n  then:  with  an  auger,  dynamite  is  inserted,  and  tr 
Slicks  are  broken  by  a  blast.  In  sn* 
mining,  the  root  must  settle,  othe 
wise  the  work  would  be  unsafe  an 
impracticable.  After  the  ore  has  bee 
sliced  out  horizontally  to  the  desire 
limit,  another  slice  8  feet  high 
removed  from  below.  The  use  i 
the  poles  e  and  the  lagging  /  noi 
oon:e>  apparent,  since  they  rest  on  the  collar  d,  as  showi 
a!  protect  the  miners. 

A  :  otter  p:an  than  using  notch  timbers  is  sho\!VTi  in  Fig.  1< 
:ierc  a  *J-:nch  plank  a  is  fitted  between  the  posts  and  naile 
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Fig.  18 


ftlie  under  side  of  the  collar.     This  can  readily  be  knocked 

:  when  the  timbers  are  to  be  withdrawn,  and  is  as  strong  as 

je  notch  and  much  cheaper 

^  place  and  puli 

S]«  locllned  Yeliis: 
itig  Walls. ^ — ^Stulls  a 
^ced  in  wide  veins  with 
\oxiZ  waJIs  may  be  rein- 
sd  by  the  timbers  b 
tr.  Fig*  18,  or  by  struts  A 
c.  Fig,  19*  Such  tim- 
ig  is  used  in  overhand 
^pin^,  or  above  levels. 
le  first  method  is  termed 
^l|ie(1-t«tt]U  tlnibertn^, 
"^ihe  second  s  ii  cl  *i  U*  b  a  c  k 
^fttberlofiTi  the  braces  practically  dividing  the  longf  stull  a 
Hto  two  beams  each  supported  at  the  ends.  When  the  vein 
ts  perpendicular,  the  stull  may  be  placed  hori^ontany  and  the 
^H  ^^m  le^^   b,  r  carried   down 

of  the  level. 

22.    Inclined Vul US! 
One  Wefik   WalU  — la 

Fig.  20  {a)  is  shown  a 
method  of  faulty  timber- 
ing followed  in  Califor- 
nia. The  weak  wall  is  a 
heavy  mineralized  vein 
carrying  considerable 
water-  The  foot- wall  a 
consists  of  compact 
F**^  19  slate,  while  the  hanging^ 

ill  *  is  altered  diabase.  The  intention  was  to  notch  the  col- 
so  that  i>raclieally  the  entire  pressure  would  be  transmitted 
the  legs  at  the  joints.  Wheuever  a  collar  begins  to  bend 
the  center;  it  is  forced  up  at  the  ends,  thus  leaving  a  space 
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betweea  the  collar  and  the  leg.     The  ptesstire  oo  t" 

is  then  thrown  oo  the  notch  at  n,  Figr^  20  (j^),  and 

that  piece  frona  the  kg.  is 
shown  by  the  shaded  por* 
tion   of    iba   figure.   The 
corresponding  piece  if  *i 
the  cap.  Fig,  20  (r),  is  not 
much  good*  owing  to  lAc 
slight  resistance  it  c^r^ 
and    it,    too,    soon  splifti 
when,  being  weaJcened  5iill 
further,  the  stick  ssgsinOTt 
than   ever.     The   plan  o! 
spiking  a  plank  imderafatJ* 
the  collar  is  not  safe.siiu^ 
the  timbers  are  ronDt!;  andi 
while  the  beveled  notch  i» 
much    stronger   ihaa  the 
squared  joint,  the  mcdic^ 
shown  in  Fig.  21  is  prob- 
ably still  better,  owing  tfi 

the  fact  that  it  affords  a  greater  bearing  surface  for  rouD** 

slicks,  and  because  any  tendency  to 

kick  tip  at  ^  is  opposed  at  a^  especially 

when  there  is  side  pressure  from  the 

wall  dt  as  shown  in  Fig.  20  {a).     With 

squared  timbers,  the  beveled  joint  or 

the  plank  nailed  to  the  collar  between 

the  legs  is  better  than  thejointin  Fig*  20*  pt^,  n 

23.     Inclined  Veins;  Two  Weak  Wulls.— In  Fi«.S 

is  shown  an  inclined  vein  with  strong  side  walls,  but  or  sudi 
weak  mineral  that  a  leg  will  sink.  The  leg  a,  therefore*  ** 
made  to  rest  in  a  notch  daped  into  the  sil!  S,  The  k|  ^ 
such  cases  should  be  inclined  as  little  as  possible,  not  oo^l 
because  it  will  sustain  more  weight,  but  also  because  ibl 
joint  c  at  the  sill  will  be  stronger.  When  a  po-* 
a  sill  as  shown  in  Fig.  23,  the  pressure  a  is  div 
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Fig.  20 


A  of  the  leg 

I  a  lever,  and 

opposition  to 

fered  by  tim- 

along   their 

>ints  between 

md   tile    legs 

tnglheoed  by 

^d    shown   in 

The  notch  is 

[conform  with 

ition    of    the 

Hs  no  purchase 

heel  //  to  split 

piece  f.     The 

E    transmitted 

the  leg  a  is  divisible  into  two  corpponents.  one  6 

arallel  to  the  fibers  of  the  silt,  and  the  other  d  acting 

he  fibers  of  the  sill.     The  resnltant  of  these  two 

hfihown  at  £.     If  the  piece  e  splits  off,  it  must  do  ^o 


I FIO.  Si  Fic.  U 

sint  At  which  would  be  exceedingly  difficult,  as  the 
>wiiwards  gives  the  fibers  added  strength* 

IfnliUii?  Angle  of  Resistance. — In  Fig.  20,  the 

|e  timber  set  are  inclined  so  that  the   presstire 
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coining:  on  the  collar  is  transmitted  equally  to  both  legs.  K 
the  legs  were  placed  at  different  angles,  the  pressure  would 
come  unequally  on  them,  the  greater  pressure  coming  on  the 
leg  most  highly  inclined.  The  friction  at  the  foot  of  the 
leg  diminishes  with  the  inclination,  and  if  the  angle  xzy  is 
more  than  20°  the  leg  has  a  tendency  to  slip  and  increase 
the  horizontal  pressure;  but  the  legs  will  not  slip  on  a  level 
rock  surface  when  that  angle,  termed  the  limiting  angle 
of  resistance,  is  less  than  20°.  The  friction,  which  is  A 
of  the  pressure  when  the  limiting  angle  is  20°,  decreases 
rapidly  above  this  inclination.  It  is  of  course  possible  to 
block  the  foot  of  the  leg  against  the  side  wall,  but  even  then 
the  horizontal  pressure  increases  rapidly. 

25.  Sliding  Allele  of  Wood  on  Wood. — In  some  cases, 
legs  are  tenoned  for  a  mortise  in  the  sill,  but  this  is  unneces- 
sary if  the  angle  o,  Fig.  24,  does  not  exceed  15°,  which, 
according  to  Morin*s  experiments,  is  the  limiting  angle  of 
contact  of  oak  upon  oak  when  the  fibers  of  the  moving  sur- 
face are  perpendicular  to  the  surface  of  contact  and  those  of 
the  surface  are  at  rest  parallel  to  the  direction  of  the  motion. 

The  friction  of  two  surfaces  that  have  been  for  a  consider- 
able time  in  contact  and  at  rest  is  not  only  different  in  amount 
but  also  in  nature  from  the  friction  of  surfaces  in  continuous 
motion.  A  jar  or  shock  producing  an  almost  imperceptible 
movement  of  the  surfaces  of  contact  causes  the  friction  of 
contact  at  rest  to  pass  to  that  which  accompanies  motion. 
In  V\Q.  23,  if  the  leg  a  should  receive  a  slight  shock,  the 
pressure  would  be  transmitted  to  the  sill  in  the  direction  t 
and  would  probably  cause  the  block  e  to  split  off. 

2(>.  At  the  New  Almaden  quicksilver  mine  in  California, 
the  ore  body  is  between  a  foot-wall  of  fairly  strong  serpent- 
ized  rock  and  a  shattered  shaly  sandstone  hanging  wall 
under  which  it  is  dangerous  to  work.  In  some  parts  of  the 
mine,  the  ore  stoped  is  about  10  feet  wide,  and  the  method 
of  tiniberin^f  is  shown  in  Fig.  25.  Heavy  stulls  a  are  placed 
in  line  about  8  feet  apart,  and  immediately  above  them  arc 
placed   shorter   stulls  />,  which  act  as  legs  for  the  collars^ 
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rest   at    t^^   other  end   on  a  similarly  arranged   leg. 

ivy    lagging    d    supports 

le  hanging  wall.    The  lower 

!id»  ui  the  lagging:  I'est  on 

Ibe  cap  of  one  set,  and  the 

fipper  ends  on  the  lower  ends 

>l    the   lagging:  of   the   next 

!t    above.     For    additional 

:uriiyand  strength,  the  two 

ptnlts   a   and    A    are    bolted 

together   near   the    top    and 

jttotn,    as    shown    by    the 

lotted  lines. 


^m 


ST.     Posts    and    Koiii^h 
$ts. — In  Fig.  26  is  shown 
)oe    method   of    supporting  P'®-  ^ 

Inclined  veins  having  weak  walls  with  three-stick  sets.     In 
ptach  siittations,  the  s lulls  a  are  termed  caps  and  the  legs  ^ 

posts,  although  the  term  collar  and 
Ug  is  more  appropriate.  It  is 
possible  with  this  method  of  tim- 
bering to  follow  the  vein  up 
closely  and  use  the  collars  as  the 
platform  rests.  Tw^o-inch  planks 
should  be  nailed  from  the  posts 
of  one  set  to  the  posts  of  the 
next  set»  so  as  to  tie  them  and 
prevent  their  spreading.  In  some 
caseSi  sprags  are  used  for  this 
purpose,  but  their  use  involves 
additional  expense  for  notching 
and  setting,  and  will  probably  add 
no  more  stiffness  than  2-inch 
planks. 

In  slopes  of  a  width  requiring 
only    one    length    of    limber    to 
each  across  the  deposit,  as  in  Fig.  26,  and  also  requiring 
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posts,  it  is  customary  for  overhand  work  to  set  the  sill  stulls 
first,  and  for  underhand  work  to  set  the  cap  stulls  first.  In 
all  cases,  the  stulls  are  cut  to  such  a  length  as  to  fit  tightly 
against  both  walls;  or  a  wedge  is  driven  between  one  wall 
and  the  end  of  the  stull  to  make  it  very  tight.  Each  stnllis 
placed  in  such  a  position  that  the  upper  angle  it  makes  with 
the  hanging  wall  is  greater  than  a  right  angle,  so  that  the 
least  setting  of  the  hanging  wall  will  tighten  the  stull.  In 
cases  where  the  lower  stull  is  set  after  the  upper  in  under- 
hand stopes,  the  side  posts  are  set  when  the  stulls  have  been 
put  in  place.  In  overhead  stopes,  the  posts  can  be  set  on 
the  ends  of  the  lower  stulls  and  the  upper  stull  driven  down 


Fio.  27 

on  the  posts.     When  the  side  posts  have  to  be  set  after  botn 
top  and  bottom  stulls,  it  is  well  to  have  the  top  of  the  pos^^ 
framed  for  a  gain  in  the  end  of  the  stull,  and  to  drive  tb^ 
bottom  of  the  post  into  place  and  secure  it  with  drift  bolts- 
The  lower  end  of  the  post  and  the  upper  side  of  the  stull  arc 
not  cut  for  sawed  timbers.     Fig.  27  is  a  side  view  of  this 
timbering  when  ties  c  are  used,  a  being  the  cap  and  h  the 
post.     It  will  be  noticed  that  the  timbers  are  framed  at  each 
end,  so  that,  if  lost  motion  exists  at  the  joints,  they  will  be 
unsafe  for  much  pressure.     It  is  possible  to   make  the  tics 
smaller  than  the  caps  and  posts,  but  by  so  doing  the  eflEcctive 
resistance  of  the  latter  is  reduced.     ' 
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FOIFB-STICK  TIMBERING 

28.     Fowr-Fleee  SetB,  — ^A  four-piece  set  consists  of  two 
.legs,  a  collar,  and  a  sill  for  the  legs   to  rest   on*     Such 
iberiog  is  required  where  pressure  comes  from  all  sides 
ibe  excavation.     The  legs  and  collar  are  given  beveled 
}inis  if  the  pressure  is  about  equal  from  the  roof  and  side; 
tf  if  squared  timbers  are  used,  a  plank  may  be  nailed  under- 
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Fig.  29 


Bath  the  collar.     In  case  the  pressure  is  greater  from  above 
!iaii  from  the  side^i,  the  joint  shown  in  Fig.  21  or  that  shown 
Fig.  28  may  be  adopted,  the  former  being  preferable  for 
>ond  limbers. 
In  case  the  pressure  is  greater  from  the  sides  than  from 
)ve»  the  joint  shown  in  Fig.  29  is  used  for  squared  timbers, 
id  that  shown  in  Fig.  SO  for  round  timbers.     The  remarks 

^n  leg  and  sill  joints  in  three-stick  tim-  ^ ^^ 

sriiig    apply    to    four-stick    timbering   I  f    ^  -  --i      r-^3 
Kcept  in  quicksand  and  nmning  ground i 
rhich  require  special  timber  sets. 

29,     Timber Inir  Xjevels, — While 

the  four-piece  set  can  be  made  of  round 

Bmbers,  it  is  usually  framed  from  square 

imbers.     When  such  timbers  are  to  be  permanent  they  are 

iv€a  perfect  alinement,  and  are  held  longitudinally  in  place 

braces  placed  between  them,  or  by  planks  nailed  to  them. 

ftg,  31  shows  such  a  set.   with  planks  a  nailed  under  the 

Mat  to  tie  the  next  set.     The  ditch  for  levels  timbered  in 

Its  manner  is  made  underneath  the  sills  in  the  center  of  the 
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iity  of  strong  lagging*     Such  sets  have  about  4-foot 
Jrs»  and  are  arrans^ed  along  the  walls  as  shown  in  the 
inal  elevation, 

^ Con neet loir  Levi? Is.— When  stoping  by  the  over- 
system,  and  approaching  the  level  above  in  which 
fer  sets  have  been  used,  it  is  necessary  to  make  some 
igement  to  prevent  the  sets  from  falling  out  and  letting 
I  the  material  they  are  intended  to  support.  The  plan 
u  in  Fig.  33  was  practiced  at  the  Bimetallic  mine,  near 
ipsburg,  Montana,     When  the  miners  are  ready  to  break 
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the  floor  a,  stout  pieces  of  timber  b  are  placed 
een  the  posts  c  and  are  wedged  tightly  in  place.  A 
f  piece  of  timber  dy  long  enotigh  to  reach  across  three 
is  placed  inKlerneath  the  caps  midway  between  the 
The  timber  acts  like  a  lever  having  a  fulcrum  at  e  in 
^nn  of  a  post  /,  the  foot  of  the  post  resting  in  the  center 
€  drift  on  the  sill  g.  Wedges  are  driven  in  under  the 
at  A,  f,  and  i.  Fig,  33  [b],  making  the  joints  firm 
riffid,  after  which  the  rock  beneath  may  be  extracted 
f,  the  timber  set  k  thus  being  held  in  position,  and  the 


-y."-''"  'k"  .  :-  z::: AVAIL  Ns  v 

;  r:  ::.<  ijii. !>'■:.!  v.-  ^r.:   -'I'^-.triti   ::    izt  p.  :r:-  r  li:  • 
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,  N  vMi  whieh  it  resied  is  :r:r.   vri.     T  :.r  -zr.L-.z- 

\.   ^    ■■.IV  tlien  be  corine::ri  -.vni:  :i.  ^r  ,i  :it  -:: 

I  cure  iisc« 

...    .^      ■»     111'   riiiiberiu^  of  au  rpr^er  >t«i»t. 

i::y  «irope  is  to  be  taker,  lj  .'  ^-: 

-  -    -    ::.K:e  very  much  easier  ::  r:?-:-r?  i:r 

••.     evels  in  advance  o:  ihe  re^jlr 

-.  -  'e  :i::*.bered   with  rCiT'j'.ar  5,?u:e 

.•ec'.vr.e   an   enlargen-.ezi  o:  the 

vj    -re  and  the  addition  o:  other 

'..'-    ?c'en    removed    except  that 

-:  -ve.  the  timbers  oi  one  set 

•    c.ieJ,  up  and  supported  by 

■  ■",;  sets,  after  which  the 

•.    .;:estion  is  removed  and 

:-f'.:  :rom  below.     When 

■  •.\::od  with  the  tiraber- 

--      .   :  ■  ^uide  the  posts  of 

•     : .  -.vy  sills  have  to  be 

•-       Nt::  ■.::>.     Where  20 

:   :''.e   \\or<,  it  ::• 

.  ■  -■..■•:-.■  as  oare:u!!y 
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flFe  placed  the  posts  g.  Fig,  34,  which  are  supported 
^^ular  sills  s.  Wedges  are  driven  between  the  long 
^B  and  the  cap  they  are  to  support;  this  cap  in  turn 
TO  the  legs  resting  on  it.  After  the  timbering  has 
secured  in  this  manner,  the  o round  between  the  two 
v  is  cautiously  broken  through,  and  special  posts  r  are 
1  top  of  the  lower  timbering,  while  stringers  rf  are 
\  m  such  a  way  as  to  support  the  regular  sills  s.  It 
intly  happens,  as  illustrated,  that  the  posts  in  the  upper 
\  not  come  over  the  posts  in  the  lower  set,  and  in  such 
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the  point  in  the  sill  immediately  below  each  post  may 
pported  by  the  braces  m^  which  are  heeled  to  the  lower 
3f  the  special  posts  r,  as  shown.  At  times,  the  caps  e, 
W,  on  top  of  the  posts  r  are  made  very  heavy,  and 
^■ringers  are  placed  across  them  and  under  the  posts 
f^per  set,  thus  doing  away  wilh  the  diagonal  braces  m* 
one  or  two  lines  of  posts  in  the  lower  set  have  come 
der  the  upper  set,  the  work  of  removing  the  block  of 
:imediately  under  the  upper  stope  progresses  with  ease, 
rent  timbers  being  successfuUy  supported  by  means 
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SPBCIAIi   TIMBERING 

35*  Comstock  Jjode  Timbering. — Fig.  37  shows  a 
«cial  system  of  supporting  stulls  a  in  a  lode  about  12  feet 
de.  The  struts  c  and  d  are  notched  into  the  posts,  the 
dls  being  of  such  a  character  that  they  cannot  have  hitches 
them  for  either  the  stull  or  the  braces.  The  sets  are  placed 
th  4-foot  centers. 

On  the  Comstock  lode  in  Nevada,  timbering  of  all  sorts 
s  been  tried,  including  that  shown  in  Fig.  38,  which  was 
ed  to  support  very  heavy  ground.  The  lagging  is  of  heavy 
inks  fitted   close  together,  in  order  to  prevent  fine  dirt 


Pig.  38 


Fig.  39 


►m  running  into  the  excavation.  The  timber  joints  are 
signed  to  prevent  yielding,  no  matter  from  which  direc- 
n  the  pressure  is  greatest.  The  levels  are  6  feet  high 
»ide  the  timbers.  Probably  a  stronger  system  of  jointing 
shown  in  Fig.  39,  since  the  full  pressure  comes  on  the 
;>  a,  and  is  transmitted  to  pieces  d,  b\  while  in  Fig.  38 
i  pressure  on  the  cap  must  be  sustained  mostly  by  the 
rt  a  above  the  cap  notch,  and  is  then  transmitted  to  the 
Iter  part  of  the  leg  b  and  so  on  to  c,  the  rest  of  the  sticks 
ting  merely  as  wedges. 

36.  There  are  various  methods  of  timbering  wide  levels, 
he  method  shown  in  Fig.  40  has  many  good  points  in  its 
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Ibbiii^. — When  cribbing  is  constructed  and  filled 
k  as  in  Fig.  44,  it  forms  in  fiat , deposits  a  very 
)ort  for  roofs.  Where  it  is  desired  to  keep  open 
L  fiat  deposit,  the  cribbing  may  be  made  continu- 
Fig.  45.     The  method  of  constructing  joints  for 

shown  in  Fig.  46.  Cribbing  is  employed  in 
well  as  in  fiat  deposits,  and  is  often  resorted  to 
:ing  other  timbering  that  is  being  crushed  under 

of  superincumbent  rock.  Fig.  47  shows  the 
Tiaking  crib  pens  for  supporting  inclined  deposits. 
>r  such  pens  are  extended  across  the  deposit,  and 
tie.  It  will  be  noticed  that  cap  pieces  to  the  pens 
i  across  the  deposit  and  are  tied  to  the  adjacent 

)ay  Dawn  mine  in  Queensland,  Australia,  a  vein 
:eet  wide  is  supported  by  cribbing. 


SQUARE-SET  TIMBERING 

nmples  of  Square  Sets. — The  difficulty  of  sup- 
3  wide  and  yielding  Comstock  lode  in  Nevada 
introduction  of  what  is  known  as  square-set 
:.      This    method  of    timbering    is    now    almost 

I  wide  crumbling  veins,  and  gives  general  satis- 
hough,  like  every  other  good  thing,  it  is  fre- 
>used.  In  some  cases,  it  is  resorted  to  where  it 
Jed;    in  others,   it   is   not  properly  put  in  place; 

II  others,  it  is  put  in  and  not  properly  braced 
:ed.  Square-set  timbering  is  not  needed  in 
ns;    in  fact,  it  is  not  at  all  adapted  to  such  ore 

hows  a  square  set  used  on  the  600-feet  level  of 

id   mine,    in    the   Cripple    Creek   mining   district. 

The  timbers  in  this  case  have  been  squared  with 

but   frequently  they  are   sawed,  if  a  sawmill  is 

There  is  no  economy  in  squaring  timbers  with 

for  the  small  additional  strength  obtained  over 

ound  timbers. 
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igf.  49  shows  square  sets  used  in  the  MercuF  mintog 
ricl»  Utah,  The  timbers  in  this  case  are  round.  In 
tingf  square  sets,  it  is  usual  to  take  out  a  block  of  ore 
imitiediately  replace  it  with  a  timber  set,  in  this  way 
lining  a  substantial  framework  as  the  ore  is  worked 
y  and  the  timber  sets  are  added* 

^     Kureka  Frumlng:. — ^The  Eureka  frame  shown  in 

50  («t}   and  (j)  is  an  example  of  probably  the   first 

^set  framing.     It  is  about  as  simple  as  any  framing^ 
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8t»ded  to  resist  side  pressure,  as  may  be  seen  by  referring 

^iS'  50  (^)*  in  which  it  will  be  noticed  that  the  caps  abut* 

and  B,  Fig*  50  {i>),  ihe  limbers  are  all  faced  12  ineheSi 

ID  C  the  ties  are  faced  10  inches  and  the  caps   and 

12  inches.     This  arrangement  of  the  ties  is  for  the 
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purrose  of  economizing:  in  timber.  The  length  of  eadi 
tiiTiber  is  about  8  feet,  although  the  timbers  are  sometimes 
shortened  in  the  direction  of  the  pressure.     Fig.  51  is  an 

illustration  of  what  is  known  as 
the  Burlingrame  frame.  It  is 
somewhat  similar  to  the  Eureka 
frame,  but  differs  in  that  the  posts 
•  abut  instead  of  the  caps,  in  order 
to  resist  vertical  pressure. 

41.  Richmoiid  Square  Set. 
The  Richmond  square  set  shown 
in  Figs.  52,  53,  and  54  is  used  in 
Nevada.  The  framing  shown  in  Fig.  52  is  intended  to  resist 
lx>th  side  and  vertical  pressures.  This  frame  is  strong,  and 
otfcrs  the  i:rt>atest  resistance  to  side  pressure,  its  caps  abut- 
ting:.   F:^.  xVi  shows  a  Richmond  set  with  the  timbers  coming 
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Fig.  52 


♦^«^Vr  trotu  six  directions  to  form  a  joint,  A  being  the 

'^Nv>.   >^  5^^  ^'^P^'*  ^"^  ^*  ^^^  ^*^^-    '^^^  letter  are  10"  X  10" 

»«^^-ss  :h^  first  two  are  12"  x  12"  timbers.    Fig.  54  shows 

^  vWrf^^^^^  *"^  '^^  depth  of   the    notches    given  the 
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Montana.    It  diflters  from  the  Bnreka  aet  in  haying 
more  notch  id  eadi  side  of  the  girt.  Pig.  66.    It 

pressnre  froiQ  the  aides  by  the  cipM 
abutting,  bat  by  tranaposing  timba* 
vertical  pressnre  may  be  resisted,  w^ 
in  the  Bnrlingame  set.    The  fnmep- 
are  made  of  10-inch  timbers  on  lover 
levels  and  of  8-inch  timbers  on  upper 
levels,  with  reinforcing  sets  ite- 
ever  necessary,  and  at  times  soU 
Pio. »  waste  filling. 

43.    Plactn«r  Tlmbera  to  Baalat  Preasarea.— Fig.  ft 

shows  square-set  timbering  for  a  wide  vein  that  has  ota  j 
been  used  as  an  example  of  how  hanging-wall  pressure  a 
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transmitted  to  the  foot-wall.  This  system  was  introduced  *^ 
1860  at  the  Ophir  mine,  Nevada,  but  has  been  discarded  fO^ 
square  sets  without  diagonal  braces.  The  pressure  in  so^** 
cases  is  vertically  downwards,  and  if  resolved  into  two  forest 
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rill  act  at  right  angles  to  the  hanging  wall  and  the  other 

the  hanging  wall*  The  proper  system  then  would  be 
ansmit  all  vertical  pressure  by  means  of  frame  braces  or 
^ped  frame  braces,  rather  than  by  the  diagonal  braces 
which  have  a  tendency  to  knock  out  the  foot  of  the 

and  transfer  the  pressure  along  the  upper  side  of  the 
I  instead  of  diagonally  as  intended*  Fig,  57  is  an  eleva- 
of  the  same  method  of  bracing,  the  assumption  being 
|tbe  hanging«wall  plates  c  transmit  the  pressure  through 
liagonal  braces  e  to  the  foot-wall  plates  o,  but  that  con- 
fable  side  pressure  must  still  be  resisted  by  the  caps  a 

36  posts  b.     In  the  latter  case,  the  braces  €  are  out  of 
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le,   Since   nothing  can   be  more  stable  than  a  post  set 


ht  with  the  pressure  passing  through  its  axis,  and  if 
posts  need  assistance  they  should  be  reinforced  so  that 
ressure  will  still  be  transmitted  downwards  and  not  at 
gle  as  shown, 

SlllB  for  Square  8et^, — Instead  of  using  a  regular 
piece  for  the  first  timber  or  sill  d.  Fig.  57,  on  which  to 
the  posts,  the  common  practice  is  to  frame  special  sills 
■will  receive  two  or  more  posts.  Such  an  arrangement 
*^t  shown  in  Fig*  5R  allows  of  the  timbers  from  a  stope 
^  being  joined  to  those  above,  since  it  is  easier  to  sup- 
the  upper  timbering,  where  the   sills  are   continuous 
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i  joined  under  the  post  as  shown  at  Ay  than  it  would  be 
en  only  a  cap  answered  as  a  sill.  These  timbers  are 
quently  called  mud-slUs. 

15.  Nevada  Square-Set  Timbering. — A  sectional 
vation  of  Nevada  square-set  timbering  is  given  in  Fig..  59. 
e  squared-timber  posts,  caps,  and  ties,  10  in.  X  10  in., 
nd  4  feet  6  inches  apart  lengthwise  of  the  vein.  The  caps 
t  5  feet  long.  The  posts  on  the  levels  are  of  such  a  length 
to  give  7  feet  in  the  clear;  while  on  the  stopes  they  are 
such  a  length  as  to  give  6  feet  in  the  clear.  The  planks 
id  as  staging  for  the  men  to  stand  on  when  at  work  are 
inches  thick,  and  are  moved  from  place  to  place  as  they 
needed  for  advancing  the  stope.  A  stope  resembles  a 
le  chamber  filled  with  scaffolding  from  floor  to  roof. 
e  air  circulates  between  the  timbers,  thus  making  the 
dilation  good,  and  removing  the  dust  so  injurious  to  the 
1th  of  miners.  Set  after  set  is  added  as  the  mineral  is 
'ked  out,  and  ladders  are  put  in  to  go  from  floor  to  floor. 
ites  are  arranged  to  accommodate  the  ore  and  collect  it 
>re  bins  at  a  central  point  on  the  level,  so  that  it  may  be 
Jed  without  extra  handling.  On  account  of  the  accessi- 
ty  to  the  different  faces  on  a  stope,  it  is  possible,  when 
-grade  ore  is  met  with  at  one  face,  to  mix  it  at  times  with 
ler  ore  from  other  faces,  and  so  keep  up  the  grade  of  the 
to  the  shipping  point.  If  the  timbers  show  signs  of 
Lkening,  four  or  more  posts  are  lined  with  planks  and  the 
so  formed  is  filled  with  waste  rock;  or,  if  signs  of  crush- 
are  noticed,  it  may  be  possible  to  relieve  the  strain  on 
timbers  by  breaking  down  ore. 

G,  Keiiiforcini?  Sets. — The  great  value  of  square-set 
t>ering  is  due  to  its  strength,  to  its  adaptability  to  all 
-knesses  of  ore  deposits  or  variations  in  the  hanging  and 
t-walls,  and  to  the  ease  with  which  it  may  be  placed. 
^en  the  walls  are  firm,  it  possesses  great  strength;  but 
^re  the  hanging  wall  is  weak  or  softens  rapidly  on  expo- 
i^e,  the  system  affords  only  temporary  support.  When  the 
^sh  begins,  the  posts  are  thrown  out  of  plumb  and  many 
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of  the  timbers  splinter.  The  working  or  movement  of 
soft  hanging  wall  indicates  the  crushing  of  the  timbers 
the  exhausted  portion  of  the  level,  and  it  then  becomes 
struggle  on  the  part  of  the  miner  to  remove  as  much  ; 
possible  of  the  ore  before  the  final  crush  closes  out  i 
mining  operations  on  that  level.  Reinforcing  sets  are  plaa 
wherever  there  is  a  sign  of  weakening,  but  even  these  affoi 
only  temporary  relief.  Fig.  60  shows  some  of  the  plai 
that  have  been  adopted  for  reinforcing  weak  timber  set 
n^hat  is  termed  a  false  set  is  shown  at  a,  and  consists  of  foi 
pieces  of  timber,  although  sometimes  a  cap  and  two  smallc 
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posts  only  are  used.  Sometimes  weakness  may  be  stayec 
by  a  diagonal  brace  as  at  b,  particularly  where  the  weakncsJ 
is  displayed  at  a  joint;  or,  if  at  two  joints,  a  panel  snct 
:is  c  may  be  efiFective  in  strengthening  those  joints.  The 
system  of  bracing  shown  at  d  is  termed  an  N  set.  The 
:lia<,^onal  brace  in  this  set  is  quite  effective  in  somecasesin 
keeping:  the  set  plumb.  The  X  brace  at  e  is  not  uncommon 
where  all  four  joints  need  reinforcing.  The  method  oi 
placing:  planks  when  a  panel  is  to  be  filled  with  waste  rod 
is  shown  at  /,  and  the  same  system  will  be  serviceable  fo 
ore  bins,  particularly  for  those  that  are  kept  well  filled,  fo 
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jch  eases,  if  the  planks  bend  outwards,  they  <3o  not  by 
ticiiy  return  to  thetr  original  position,  but  will  continue 
md  until  they  break. 

Timber  I  ti^  at  Broken  Hill  Mines. — Fig.  61  is  a 

>ijal  elevation  of  square-set  timbering  at  the  Broken 
[misies  in  Victoria,  New  South  Wale3»  where  a  wide  and 
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lode  is  to  be  sloped  away.     In  the  figure,  a  is  a  tempo- 
platform;  tf  is  a  three-piece  false  set;  r  is  a  hand  rail; 
ladders  for  reaching  the  stope;  t  are  ore  chutes  leading 
^e  ore  bin  /;  j?  is  an  ore  car:  ^t  is  a  loading  spout;  and  the 
E$  IT*  and  t  forra  diagonal  braces. 

^62  is  a  plan  of  Fig.  61,  showing  the  platfonns  a,  on 
he  men  work;  the  ore  bin  /,  terminating  in  the  loading 
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:-.:rr.:2b'.e  /.  which  is  used 
r.    ore    mines  in  place 
:  curves  to  change  the 
::rec::on  of  the  cars. 

4S.  The  I^adiDg 
Chute. — Fig:.  ♦'»!  5»hL»'VS 
A  '.:3id:n^  chute  tim- 
bered in  a  pant'i.  In 
F:^.  tJo  the  method  •.•: 
rrin::n^  these  chute iet? 
:>  shrwn.  The  Szr.i 
f  ::r  is  :o  be  lined  v;:t:. 
Cik  br-ards  or  sheet  ::•  r. 
s.r-c  should  have  a  r::::. 
c:  J.:  li^s:  .^2";  in  sorrr 
r.i>is  ':\here  the  ore  :> 
"c^*.  ".  .  ::er.  zeed  a  sreare: 
L::::::Lry    but  :s  sonetfre? 


^J* 
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apron  k  and  the  car  g;  and  the  turntable  /.  which  is  used 

in  ore  minei  in  pUct 
of  cunres  to  change  the 
direction  of  the  can. 

Chute,— Fig.  CI  sbt> 
a  loading  chute 
bo'ed  in  a  panel  Ilj 
Fig.  63  ihe  ttielhod 
framing  these  chutes 
is  shown.  The  chnti 
floor  is  to  be  lined  witl 
Li  ik  boards  or  »he<*l  imoi 
and  shonld  have  a  pitd 
of  at  least  32'^;  in  %qg 
Ftn.m  cases,  where  the 

coarse  or  fine  and  wet,  the  floor  will  often  need  n 

slope.     The  apron  a  is  usually  stationary,  but  is  sotm 

hinged  so  that  it  may  be 

lowered    or    raised.     The 

Sfate  ^  may  be  raised  and 

lowered  by  a  lever.     The 

wheel  and  gearing  shown 

are    somewhat    elaborate, 

but  they   seem   to   prove 

satisfactory  for  raising  and 

lowering  the  gate  and  pre- 
venting the  rush  of   ore 

from  the  spout. 

49,  Crtledonia  Gold 
HIne. — Fig.  64  is  a  verti- 
cal cross-section  of  a  mine 
in  the  Black  Hills  of  South 
Dakota.  The  ore  bodies 
a,  a  are  separated  by  barren 

rock  consisting  of  slate  d  and  porphyry  r.    The  ore  waf 
worked  by  open  cut  e,  followed  by  an  adit  level  f;  a  shaf 
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further  reduce  the  cost,  timber-framing:  machines  and  saw* 
mills  were  introduced  to  replace  hand  work  ai  those  mioei 
where  large  quantities  of  ore  were  mined  and  much  tmber 
was*  needed*  i 

Fi£.  66  represents  square  sets  formed  from  rotiod  um*  * 
bers.     It  shows  the  worked-out  stope  of  a  Micbigan  iroo 
mine,  in  which  the  pressure  was  not  great  and  the  mtntml 


was  quickly  mined.  The  ties  and  caps  were  of  the  same  , 
size»  and  were  framed  alike,  as  shown  In  Fig"*  67,  the  dimeii*! 
slons  being  as  follows:  c  and  /,  each  10  inches;  </.  r,  aod  fj 
eixch  2  inches;  a  to  suit  the  size  of  the  posts;  and  6  any 
venieot  angle,  usually  45°,  These  sets  were  so  framed 
the  dimensions,  center  to  center,  were  8  feet  in  j\V 
makitig  the  posts  7  feet  2  inches  long  and  the  u...... 
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circle  represents  the  position  that  the  cap  would  occupy  if 
shown.  In  Fig.  70  (a)  and  (d),  it  will  be  noticed  that  the 
bottom  of  the  upper  post  is  given  a  shorter  tenon  than  the 
top  of  the  lower  post.  When  mine  timbers  are  framed  by 
hand,  the  joints  are  always  cut  a  little  free  to  allow  for  any 

une  venness  in  the  sur- 
faces; but  when  the 
timbers  are  cut  by 
machinery,  the  joints 
are  sure  to  be  of  the 
proper  size.  As  tim- 
ber does  not  shrink 
in  the  direction  of  its 
grain,  it  is  evident 
that,  where  the  posts  have  tenons  that  meet,  if  the  caps 
shrink  slightly  they  will  become  loose  in  the  space  between 
the  shoulders.  Fig.  71  illustrates  this  point;  a  are  the 
posts,  and  d  the  caps;  the  posts  have  tenons  c,  which  meet 
as  shown,  and  the  ends  framed  on  the  caps  just  fill  the 
spaces  between  the  shoulders  d.  Now,  if  the  tenons  on 
the  ends  of  the  caps  shrink,  they  will  not  fill  the  spaces 
between  the  shoulders  d, 
and  there  will  be  open 
spaces,  as  indicated  by 
the  dotted  lines.  If  the 
ends  of  the  tenons  e  on 
the  caps  d  fit  tightly 
against  the  tenons  c  on 
the  ends  of  the  posts, 
then,  when  the  tenons  c 
shrink,  there  will  be 
open  spaces,  as  indi- 
cated   by    the    vertical 
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dotted  lines.  It  is  evid  nt  that,  if  the  timber  is  cut  gre^" 
and  framed  to  the  exact  size,  subsequent  shrinkage  tansi 
open  some  of  the  joints;  but,  as  most  timber  is  kept  damP 
in  the  mine,  this  action  rarely  causes  much  trouble,  and  » 
its  result     are   feared,   the  tenons  c  may  be  made  a  trifl* 
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I,  sa  that  the  shoulders  d  on  the  posts  will  continue  to 
the  tenons  e  on  the  caps. 

£.  Tl  Hi  be  r- Framing:  Machine,— The  faces  of  the 
>ers  for  square  sets  may  be  dressed  by  hand  or  machia- 
Fig.  72  illustrates  a  machine  for  framing  either  equare 
pound  tJiTiber  for  square  sets.  The  stick  is  placed  in 
tuachine  and  secured  by  means  of  the  dogs  d.  Large 
I  a, a  are  so  placed  that  they  will  cut  the  slick  to  the 
St  length  over  all.  The  four  saws  b  (one  of  which  is  not 
im)  cut  down  the  shoulders  on  the  stick,  and  the  four 
I  c  form  the  vertical  faces  of  the  shoulders.  After  the 
I  has  passed  through  the  saws  once»  it  is  drawn  back  into 
position  shown »  and  the  entire  frame,  dogs  and  all,  is 


Tig  through  an  angle  of  §0°,  when  the  stick  is  fed  to  the 
hine  once  more  so  as  to  cut  the  shoutders  on  the  other 
of  the  tenons.  The  stick  shown  in  the  figure  is  now 
ihed  and  ready  lor  removal  from  the  machine*  The 
a  and  6  are  cross-cut  saws  and  the  saws  c  are  rip 
%.  All  the  saws  can  be  adjusted  within  certain  limiis, 
is  to  cut  various  styles  of  tenons.  The  use  of  a 
ing  machine  makes  it  certain  that  the  faces  of  the 
>ns  on  both  ends  of  the  sticks  are  perfectly  parallel, 
he  same  size*  and  of  the  standard  length;  it  is  possible, 
fcforet  to  frame  the  joints  more  exactly  to  size  than  with 
framing,  and  if  one  end  of  a  timber  is  larger  around 
the  other  the  tenons  will  be  of  the  same  size  and  exactly 
center. 
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53.  Timbering  llisers  or  Winzes.  —  In  risers  or 
winzes,  the  timbers  are  placed  sometimes  skin  to. skin, 
and  at  other  times  are  separated  by  posts  at  the  corners. 
Fig.  73  shows  a  plan  of  framing  square  timbers  for  a  rise; 

the  bunton  a  is  for  the  purpose 
of  dividing  the  rise  into  two 
compartments — b  for  the  ore 
and  c  for  the  manway.  These 
sets  are  not  placed  skin  to  skin, 
but  are  separated  at  the  corners 
by  posts  tenoned  to  fit  the 
frames,  as  shown  by  the  dotted 
lines.  The  lining  e  separating 
the  compartments  b  and  c  is 
The  ladder  is  supposed 
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iti 


Fig.  73 

made  of  from  Ij-  to  2-inch  planks 
to  be  represented  by  d,  but  is  seldom  made  as  illustrated,  the 
rungs  being  inserted  in  holes  made  in  the  side  pieces  of  the 
ladder  and  not  spiked,  since  in  the  latter  case  they  are  liable  to 
break.     Ladders  wear  fast,  and  must  be  inspected  frequently. 

In  Fig.  74  is  shown  the  plan,  with  a  side  and  end  elevation, 
of  a  method  of  timbering  that 
answers  admirably  in  most 
cases,  especially  where  the 
winze  would  need  lagging  if 
the  timbers  were  not  placed 
skin  to  skin.  This  framing  is 
both  cheap  and  durable,  the 
bunton  a  dividing  the  rise  into 
two  compartments. 

It  is  not  always  necessary 
to  place  the  timbers  close  to- 
.i^ethcr,  and  ihcy  may  be  cribbed 
up  as  shown  in  Fig.  75  (a),  but 
in  such  cases  it  is  usual  to  line 
the  ore  chute  h,  Fi 
tion  shows  the  chute  b  to  the  car,  as  well  as  the  ladderway  r. 
In  case  the  ore  becomes  jammed  in  b,  a  man  standing  on  the 
ladder  can  start  it  with  a  bar.     Sometimes  the  manwaystf 
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Fig.  74 

75  (/O,  with  1-inch  boards.     The  eleva- 
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re  used  as  timberways,  that  is,  to  raise  timbers  up  to  tiie 
^orlcijig  levels  above*  They  also  form  an  exit  in  case  any- 
ling  happens  to  the  level  above.  Winzes  are  put  down 
s  t  n  k  i  n  g «  and  are 
ired  from  above 
St  the  timbers  being 
|eld  in  place  tempora- 
]y  by  pieces  o(  planks 
llailed  to  them* 


riMBKIIING   SHAFT 

54.    Vertlcal-Bbaft 

Jltttlojis,— At   metal 

line.s,  It  i.s  not  unusual 

hoist    ore    from    a 

imber   of   levels,   and 

these  various  levels, 

tattoos    or    landings 

ive    to    be    provided. 

^n  this  account*  ex  ten* 

Ive  shaft  bottoms   are 

irely  met  with  in  ore 

line^,    aUhciugh   wnib 

he  use  of  double-deck 

iges    it    may    become 

|ecciisary  to  pr* >vide  two 

ading   levels   at  each  _ 
|1  here  such  cages  ^^^^ 

t-d. 

Fig,  76  tHustrates  ont*  style  of  timbering  used  in  opening 
3t  a  landing  from  a  shaft  that  has  bt^en  timbered  with  square 
Hs.  The  ordiivary  .^haft  timbering  is  carried  to  a  point  at 
le  bottom  of  the  prnijosed  lev^l,  and  here  the  ends  of  the 
irge  stulls  shown  at  a  are  inserted  into  hitches  cut  in  the 
Ides  of  the  shaft.  The  shaft  and  its  timbering  are  then 
irricd  far  enough  to  provide  a  sump^  or  the  sinking  may 
continued  to  the  next  IcvcL     When  the  opening  for  th« 
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landing  is  started,  it  is  necessary  to  remove  the  shaft  laggii 
if  any  has  been  placed,  and  after  this  a  10"  X  10"  post  b 
bolted  against  the  shaft  timbering  at  each  side  of  the  p 
posed  opening,  and  another  post  is  bolted  against  the  regr 
posts  between  the  hoisting  compartments.  A  10"  X 1 
cap  c  is  then  placed  across  the  top  of  these  posts,  afi 
which  that  portion  of  the  wall  plate  crossing  the  propos 
opening  may  be  sawed  out.     The  station  is  then  timber 


Fio.  76 

as  shown  in  the  fig:ure,  the  height  of  the  timbering  beir 
j^radually  broug:ht    down    to    the    height   of   the   drift  wi 
which    It    connects.     The    advantages    of    this    method 
opening  out  are: 

1.  It  is  much  easier  to  continue  the  shaft  by  means  of  l! 
ordinary  sets  tlian  it  is  to  place  special  sets  with  long  pes 
where  the  openin^,^  is  desired.  This  is  especially  true  wh 
working  in  bad  ground. 
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2.  If  it  is  desired  to  piish  the  shaft  on  to  the  next  level 
efore  commeficing  the  opening,  this  portion  of  the  shaft 
ibcring  would  be  exactly  like  all  the  rest;  and  if  later  it 
sre  found  best  to  change  the  position  of  the  proposed 
itioQ,  there  would  be  little  trouble  in  introducing  the 
cesssary  stulls  at  the  desired  point  and  opening  out  the 
^vel  in  the  new  position. 

55.     Inclliiod-Sliart   etations.— Many  ore  mines   use 
shaftSt  and  hoist  the  ore  hy  means  of  skips.     In 
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cases  the  mining  cars  are  dumped  into  skips  atdiflferent 

rfs.     Fig.  77  illustrates  a  plot  or  station  in  an  inclined 

■^haft  where  the  rock  formation  is  particularly  strong  and 

the  shaft  is  small.     The  shaft  timbering  is  composed  simply 

jl  stolls  a,  no  caps  or  lagging  being  employed ♦     The  plot  is 

50  supported  by  stuUs  placed  in  hitches  cut  in  the  rock,  aiid 

car  track  from  the  level  is  brought  across  the  top  or 
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haiij;in;z-\v:ill  side  of  the  shaft,  as  shown  at  ^.  The  track  for 
liic  skip  is  supported  on  cross-sills  c  that  are  spiked  to  the 
toot  of  the  stulls  (HI  the  rise  side.  The  shaft  illustrated 
is  a  two-compartment  shaft,  the  total  excavation  being 
T)  ft.  X  11  ft.,  one  compartment  being  used  as  a  hoistway  and 
thu  other  as  a  ladder  way. 

In  case  tlie  walls  of  the  inclined  shaft  are  not  hard  and 
stronj:,  tlic  method  of  timbering  a  station  shown  in  Fig.  78 
may  i)c  atlopted.  In  this  instance,  it  is  necessary  to  place 
the  posts  a  at  right  angles  to  the  hanging  wall,  and  tie  them 
to  the  caps  b  and  the  sills  c  and  brace  them  besides  with 
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\\w  ticN  ./.  The  rails  c  on  which  the  skip  runs,  sometimes 
creep.  :  r  v.iiieli  reas«.n  every  second  or  third  sill  c  and  cap* 
:i!r  i:\nle  l-n-er  than  the  regular  sets  in  order  to  rest  in 
liiiv  iu  s  \\\  t:iL  <i<.]e  walls.  To  prevent  the  rails  from  creep- 
\\V2.  «»r  -uep  in';line*<.  it  will  be  necessary  to  take  unusual 
pre.  ..i:-i.:.s,  -r.^h  as  drilling  through  the  sills  c  into  the 
tov^t  \v.:'.!  r:  :';.e  ^l^.-i^^  in  order  to  anchor  the  sills;  w 
po-!^  si:!  !!:■:■  T«>  /  Tiiay  be  laid  for  the  rails  to  rest  on 
aiul  ar.vli  re*:  !s.r\veiii  sills.  The  inclined  shaft  should  be 
thoiL-r.Lilily  hiiTLH  »i  above  the  caps,  and  particularly  at  the 
station.     The  staii-^n  al<o  should  be  lagged  as  shown. 
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56.     Timbering  Ore  Pocket  at  Shaft  Statlons.-In 

some  cases,  the  ore  from  the  mine  cars  is  dumped  into  ore 
pockets  provided  at  the  levels.  The  skips  are  filled  from 
these  pockets  and  dumped  automatically  into  ore  bins  at  the 
surface.  By  this  method,  tramming  is  made  independent  of 
hoisting  for  a  limited  time,  since  the  pockets  will  contain  a 
sufficient  quantity  of  ore  to  supply  the  skip,  while  the  tram 
cars  may  be  idle;  and,  on  the  other  hand,  if  the  skip  is 
engaged  in  serving  other  levels,  the  contents  of  the  tram 
cars  can  be  dumped  into  the  pockets. 

Fig.  .79  illustrates  one  method  of  timbering  a  station  and 
ore  pocket.  These  pockets  are  generally  arranged  in  such  a 
manner  that  the  mine  cars  can  come  to  them  from  drifts 
directly  in  front  of  the  shaft,  as  at  a,  or  from  drifts  at 
the  sides  of  the  shaft,  as  at  b.  The  timbering  of  these 
pocket  stations  has  required  a  great  deal  of  study,  on 
account  of  the  fact  that  in  many  cases  they  need  to  be 
wide.  In  Fig.  79,  it  will  be  noticed  that  the  cap  over  the 
drift  b  is  composed  of  three  large  timbers  placed  one  on  top 
of  the  other,  as  it  has  to  carry  four  of  the  main  timbers 
supporting  the  roof  of  the  station.  The  ore  bin  is  lined 
inside  with  planks. 


KNGINE-ROOM  TIMBERING 

57.  riulerprrouiid  Kiigflne  Rooms. — Although  not 
desirable,  it  is  sometimes  necessary  in  ore  mining  to  use 
hoistino^  and  pumping  engines  below  ground,  for  there  are 
so  m:iny  uncertainties  in  mining  that  it  sometimes  happens 
til  at  their  use  cannot  be  avoided  without  great  expense. 
When  such  conditions  are  met,  timbering,  steel-beam  stnic- 
tures,  or  masonry  are  required  to  make  permanent  covers, or, 
as  they  are  termed,  engine  rooms,  to  protect  the  machinery 
from  damage.  When  timbering  is  used,  the  system  oi 
framing  and  the  shape  of  the  structure  must  depend  on 
the  widtli  of  the  room  and  the  height,  the  latter  being 
j^reater  where  steam  is  used  for  the  machinery  on  acconnt 
of  the  heat  radiated. 
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Fig,  80  is  a  simple  strut  truss  with  two  rafters  a  and 
•beani  ^c.  The  kingrod  d  virtually  divides  the  tie-rod 
two  beams,  and  supports  the  load  that  comes  on  the 
ns  €  and  /  together  with  its  own  weight;  but  it  sup- 
also  the  struts  J'  and  h  and  part  of  the  loads  that  come 
e  rafters  a.   The  i 

act  like  posts 
ffording  partial 
prt  to  the  rafters, 
ytng  the  strain 
to  the  foot  k  of 
kingrod  £^/  and  :^ 
there  to  the  top 
\  rafters  at  i\  and 
e  6own  the  raft-  < 
i  the  feet  3  and  e. 
action  of  the 
\  consists  in  re- 
Z  the  rafters  of 

isverse  strain  and  converting:  it  into  a  longitudinal  or 
t  strain  in  the  direction  of  their  length;  in  other  wordsj 
tnjls  add  stiffness  to  the  rafters. 

le  kingrod  has  a  considerable  load  to  carry*  and  must  be 
od  bar  iroDi  which  with  a  factor  of  safety  of  3  will 
n  20»000  pounds  for  each  square  inch  in  area.  To 
nt  the  bolt  from  cutting  into  the  fibers  of  the  wood, 
tkd  is  provided  with  a  V  washer  at  /  and  a  flat  washer  at  k, 
top  of  the  bolt  is  headed,  and  the  bottom  threaded  for  a 
i  order  tliat  the  kingrod  may  perform  its  intended  func- 
jid  take  up  sag  in  the  beam  ir.  The  truss  now  is  a  solid 
lire  that  simply  rests  on  whatever  foundation  may  be 
ded  for  its  ends*  If  the  foundations  are  posts,  then  each 
xnust  be  able  to  carry  one -half  the  load  that  comes  on 
russ-  As  there  are  the  same  dangers  from  loose  rock 
and  causing  unequal  strains,  the  truss  must  be  lagged. 
lirtiHt  from  the  ends  of  the  rafters  comes  on  the  tie-beam 
tod  f.  so  that  to  take  up  this  thrust  the  rafters  mttst  be 
ly  wedged  at  these  points  against  the  rock. 
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59.     The  Qaeen  Trass. — Fig.  81    shows  anoU 
of  truss  with  two  rafteni  a:    a  tie-beam  br,  the 


^»**  *•*  •  I 


vy.K* 
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siraiaiog  bean 
two  qneetirodsi 
coodtiions   ar^ 
tintformly  loal 
the    rafters 
straining 
qtieetirodt    sn 
ihe  weighl  co5 
the  tie-beamJi 
the  parts  / 
transfer  it  to  | 
straining    be« 
eqtial    pressun 
at  eadl  end 
posite    dtrcctlj 


ducing  a  strain  equal  to  one  of  tlieni  thfougboui  1 

length  of  the  beam. 

The    strains    on   the    iHUv 


;%%>/. 


rafters  a  will  be  siini-  :; 

lar  to  those  on  any  \ 

inclined  loaded  beam  ;: 

supported    at   both  :: 

ends,  and  the  strength  ; 

of  the  rafters  may  be  [' 

computed  by  using  : 

the    formulas    given  : 

for  homontal  beams,  v 

talcing  the  horizontal  : 

projection  of  the  raft-  : ;  ; 

eras  its  length*    The  ■: 

tie-beam  ^  r  is  divided  ; 

by    the    queenrods  ; 

into  practically  three 

beams     uniformly 

loaded p  besides  having  a  pull  or  horbtontal  str 

the  strain  on  the  beam  d* 
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|The  truss  is  practically  n  solid  stnicture  capable  of  sustain- 
weight  along  the  roof,  and  may  be  braced  at  the  joints 
the  tiinber  qtieenposts  /  to  hold  the  straining  beam  d  up 
its  work.     The  queenrods  are 
ide  of  wrought  iron,  and  are 
lighed  with  cast-iron  washers. 
tie    timbers   a  and  d   mast   be 

fged  and  the  rafters  wedged  at  ^.  ^  \^^>?! 

le  points  ^  and  c. 
[A  method  of  timbering  a  room 
which  an  engine  or  a  pump  is 

be  placed  is  shown  in  Fig.  82.         WJ-  Ui 

)e  walls  are  supposed  to  be 
rong  where  such  timbering  is 
:iployed:  if  tbe^  are  not,  some  such  plan  as  that  showa 
Pig.  83  may  be  followed.  If,  however,  the  walls  are  very 
Eak,  masonry  or  a  combination  of  iron  and  masonry  had 
Hter  be  used. 

[60*     BtiUt-LTp  Timbergp — It  is  difficult  in  many  localities 

tain  solid  timbers  of  the  proper  dimensions*    When  such 

r  case,  smaller  timbers  of  the  required  depth  and  number 

equal  the  area  of  the  solid  timber  needed  are  placed  side 

side  and  bolted  together.     Timbers  built  up  in  this  way 

not  to  be  considered  stronger  than  solid  sticks,  although 

is  possible  by  this  method  to  select  sticks  free  from  imper- 

tions. 

[61.     IjadderB. — Shafts  having  a  greater  pitch  than  14® 

>m  the  horizontal  must  be  provided  with  some  arrange- 

BDt  so  that  in  case  of  necessity  the  men  may  travel  up 

Id  down  without  sltpping,     Frnm  M*^  to  40^^  from  the  hori- 

ptal«  stairs  with  band  rails  may  answer;  above  40°  incliua- 

>ii,  ladders  must  be  provided.     The  distance  between  the 

of  one  step  to  the  top  of  the  next  should  not  be  more 

liQ    12   inches^    while   the   distance   between    rungs   in   a 

3d^  should  not  be  more  than  12  inches  at  the  most,  and 

steep  pitches  not  over  ^  inches,  particularly  If  the  shaft 

deep* 
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Ladders  should  not  be  placed  perpendicularly  in  a  shaft, 
])ut  should  be  inclined  as  much  as  the  width  of  the  shaft 
will  permit,  and  landinjj^s  should  not  be  more  than  20  feet 
apart  in  vertical  shafts.  The  sides  of  a  ladder  may  be  made 
of  oak  joists  or  of  pine  or  of  spruce  saplings  6  inches  in 
diameter  sawed  through  their  length  in  the  center.  The  sides 
of  the  ladder  should  be  rounded,  in  case  iron  rungs  are  used 
instead  of  oak,  particularly  in  cold  climates,  since  the  men 
must  often  ^rasp  the  sides  instead  of  the  rungs.  As  the 
work  forced  on  men  when  they  are  obliged  to  climb  lonjr. 
steep  ladders  is  exhausting,  it  is  customary  at  deep  shafts  to 
provide  man  engines  for  the  men  to  ride  on  or  else  to  lower 
and  raise  the  men  in  cages  or  buckets. 


TIMBEUING  IN   SOFT  GROUND 

62.  Definition  of  Soft  Ground. — That  engineer  who 
in  the  course  of  excavating  fails  to  meet  with  soft  material 
that  will  not  stand  without  support  is  fortunate.  When  the 
stratum  bcinj;  worked  falls  into  the  excavation  it  is  termed 
soft  ^i^rounii.  Such  material  has  all  grades  of  weakness,  from 
tlaky  shite  through  hard  pan  to  quicksand,  which  is  so  mob;!.: 
that  it  runs  like  water.  Quicksand  being  composed  of  about 
ont'-halt  as  much  water  as  sand  is  the  most  difficult  materia; 
to  deal  with.  It  exerts  a  pressure  of  about  .78  pound  per 
S(iiiarc  inch  ti)r  every  foot  of  its  height.  To  deal  with  siuh 
stuti  requires  experienced  timbermen,  and  is  not  only  expen- 
sive but  also  tedious  work.  Wet  hard  pan  also  causes  trouble, 
because  it  runs  and  is  heavy;  but  if  such  material  is  per- 
mitted to  remain  in  place  and  the  water  is  drained  ott 
slowly,  the  hard  pan  can  be  worked  with  greater  ease  than 
quicksand. 

Go.  SiHH'inl  Mi'tliods. — In  very  soft  ground,  tunnels 
have  been  driven  by  forcing  an  iron  casing  through  the  clay 
or  other  material,  the  permanent  lining  being  built  as  fast  as 
the  shield  advanced. 

The  i)nenmatic  i)rocess  also  has  been  applied  to  tunnel 
work  as  a  means  ot  keeping  soft  ground  from  flowing  into 
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excai'atton.  This  process  is  very  complicated,  but  was 
Sed  al  Boston  in  making  the  subway,  and  also  in  tnnnebng 
ider  the  North  and  East  Rivers,  New  York  City*  It  is 
bidom  used  in  mifiing:,  however,  and,  as  the  subject  is  one 
jat  belongs  to  civil  engineering,  it  will  not  be  discussed  here. 

04 #  8ttirtliiir  <t  l>rlft*^When  a  drift  opening  is  started, 
open  cut  is  made  until  solid  rock  is  reached,  unless  the 
irth  is  so  deep  as  to  make  the  cut  unsafe,  in  which  case 
^e  open  cut  is  carried  into  the  bank  sufficiently  far  to  Eain 
^c  desired  height  of  the  excavation.  As  soon  as  the  proper 
ni^bl  is  obtained,  two  titriber  sets  are  placed  as  in  Fig*  S4, 


^^S»v 


V^'JP 
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>ng  lagf^injj  poles  are  driven  over  the  sets  into  the  bank» 

id  the  projecting^  ends  are  weighted  down  with  rocks,  for 

^e  twofold  purpose  of  keeping  them  from  sagging  at  the 

>nt  end  when  undermined  and  of  holding  the  timber  sets 

place.     The  sides  of  the  cut  are  also  lngg:ed,  commencing 

the  bottom  of  the  sets  and  working  upwards,  and  filling  in 

Stwecn  the  lagging  and  the  bank  as  soon  as  two  or  three 

icks  arc   in    place.     The   ground   is   then  excavated  just 

koufsh  to  admit  of  another  set  being  placed  and  lagged, 

^d  so  on  until  the  solid  rock  is  reached,  when  a  few  sets 

iced   under  rock  cover  will   probably  complete  the  job, 

ic  sets  are  held  in  place  by  pieces  of  board  nailed  to  two 

Ijaccnt  sets  and  then  thoroughly  packed  down.     Usually, 
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in  such  ground,  there  is  a  space  above  the  lagging^  that  must 
be  filled  before  a  set  can  be  said  to  be  finished.  The  hole  is 
sometimes  filled  by  inserting  blocks  of  wood  or  loose  rock 
above  the  lagging.  Care  should  be  taken,  in  blocking  the 
sets  permanently  into  .place,  to  see  that  the  load  comes  on 
them  at  the  comers  and  not  in  the  center  of  the  sticks,  since 
in  the  latter  case  the  sticks  would  almost  certainly  break. 


65,  TlniberinK  Swelllnfa:  Grouncl. — Some  kinds  of 
rock  material,  particularly  those  rocks  that  are  of  an  argil- 
laceous nature,  will  swell  when  exposed  to  air  and  moisture. 

During  excavation  such  ground 
causes  little  trouble,  but  after 
a  time  nothing  seems  able  to 
resist  the  pressure  from  its 
swelling.  In  timbering  an  open- 
ing through  such  ground,  the 
best  method  seems  to  be  to  use 
fairly  strong  timbers,  and  to 
excavate  some  of  the  material 
behind  them  whenever  the  swell- 
ing begins  to  exert  undue  pres- 
sure on  the  sets.  The  lagging 
is  usually  light  and  open  in  con- 
struction, and  by  its  bending  or 
breaking,  the  miner  is  warned 
that  the  sets  are  in  danger  of 
being  crushed  and  must  be  re- 
lieved. In  some  cases,  the  pres- 
sure is  not  excessive,  and  very  strong  timbers  set  close 
t()j4 ether  will  be  able  to  resist  it  without  any  special  relief. 
Fi.ii.  So  illustrates  a  form  of  timbering  and  bracing  that 
has  been  much  used  in  swelling  ground,  where  the  strains 
come  vu  the  timl)ers  in  an  irregular  manner.  In  this 
fi^nire.  ./,./  are  the  posts;  B,B,  the  caps;  C,  the  upper 
spraj:,  or  collar  brace;  />,  the  lower  sprag,  or  foot-brace; 
/^  /:',  the  diagonal  braces;  while  F  represents  the  framing 
of    one    of    the    diagonal    braces.     It   will    be    noticed   that 
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aces  arc  notched  in  the  centeri  so  that^  when  they 
place,  they  form  a  scarfed  joint*  At  one  mine  in 
'Aha  where  the  floor  of  the  levels  gives  trouble,  it  is 
Cttary  to  cut  hoies  18  inches  deep  on  each  side  of  the 
These  holes  are  filled  with  broken  stone,  and  on  top 
stone  3-mcb  planks  2  feet  long  are  placed  for  the  sills 
timber  sets  to  rest  on.  This  plan  has  proved  successful 
other  plans  failed, 

nuccessfui  method  of  holding  side  swelling  ground 

use  timber  sets  of  two  sizes.     The  smaller  set  is  made 

quired  width  of  the  level  and  the  wider  set  is  fitted 

excavation   between  two  smaller  sets»  thiis  forming 

ders  like  bay  windows  on  each  side  of  a  house.     Pointed 

ag  is  driven  between  the  narrow  and  wide  sets  in  such 

that  when  swelling  occurs  the  lagging  will  be  pushed 

e  excavation.     Some  of  the  ground  is  then  removed 

€  lagging  again  driven  into  the  ground, 

Brldgrlng:,  or  False  8ets- — The  term  hrlil^liii^  is 

limes  used  to  designate  a  false  set  of  timbers  placed 
le  of  the  regular  set  to  protect  it  from  the  action  of  the 
Jig  ground.  This  false  set  may  be  composed  of  as 
^  limber  as  the  original  set.  Such  sets  were  used  in  the 
io  Mine  Tunnel  No.  2»  near  Park  City,  Utah,  and  the 
pttOQ  given  in  the  following  article  is  substantially 
me  as  that  furnished  by  the  superintendent  in  chargct 

Ontario  Hliie  Ttinnf*!  No.  2.^ — ** Relating  to  out 

of  timbering  swelling  ground,  side  pressure  is  taken 
Df  by  the  ordinary  style  of  bridging.  The  limbering 
^e  caps  is  done  with  timber  of  the  same  size  as  that 
in  the  set  below,  but  is  placed  in  the  shape  of  an 
,ed  V,  thus  A,  or  similar  to  the  rafters  of  a  butldingp 

s  many  cross-braces  as  are  thought  necessary.  We 
:wOt  also  three,  side  braces — one  at  the  apex,  and  the 
two  near  the  foot,     (Corresponding  to  collar  and  foot- 

c  foot  of  this  set  rests  upon  the  cap  directly  over  the 
We  usually  put  a  thickness  of  from  1  foot  to  2  feet  of 
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Two  air  drills  were  kept  going  in  the  face  on  8-hour  shifts. 
'I'hu  2()-inch  ventilating  pipe,  Fig.  86,  was  connected  with  a 
Root  blower  inul  used  sometimes  for  ordinary  ventilation, 
but  its  L'hicf  function  was  to  clear  away  smoke  after  blasting: 
at  such  times  it  was  operated  as  a  suction  fan  and  cleared 
the  face  in  a  few  minutes. 

Fij;.  S()  is  a  cross-section  giving  a  front  view  of  the  upper 
and  lower  sets.  -7  are  the  posts  of  the  regular  (lower)  set: 
/>*  is  the  cap  of  the  same;   /:'  are  the  rafters  or  upper  set, 


Fig.  87 

which  have  a  iross-l^race  /';  the  bridging  of  the  u^re: 
lower  sl!s  i>  Tv;.vcseTUed  by  6\  and  the  1:1^:^:::^  ':] 
The  sills  ./  a-o  r.^  s-:^p.>rt  the  o-inch  plank  A",  w'v.ch  : 
the  tln(^r  .''■  ;':x-  ■!••■ 
dotted  s.;':.;-r^  -": 
or  sprats  c  \'v  •:■:  ■ 
lagged  in  li.v  ■.:-■.. 
the  bridjiiii:;.      1  >.^ 


on  which  the  car  track  :>  l.i:.:.  " 
he  position  of  the  h^rii.  :::.-/.  \ti 
■  '•.ri  this  to  the  next  se:  Tne  >c 
y.  except  that  the  1^^:;::!:  r  :^  '_-e.'. 
;;ji:i'^  reallv  constitutes  j  >::=;.  x: 
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ly  protects   the   set  proper  and  greally  (acilitales  the 

ivatloD  of  ground  in  the  case  of  serious  swelling*     If 

ly    the   usual   tunnel  sets   are  em  ployed,    there  is   more 

Iger  of  Uieir  beln^  totally  crushed,  and  in  excavating  to 

Jevc   the  pressure  the  roadvTay   would  be  blocked,  thus 

rferiDg  with   the  traffic*     C  and   D  represent  blocking 

sd  over  the  regular  set  and  befow  the  upper  set  and  its 

Iging. 

I8,     Center- Post  Braces. — Fig*  87  is  a  cross-section 

[the  timbering  used  in  the  Sutro  tunnel,  where  there  was 

lisiderable  water  to  care  for,  and  the  top  pressure  was 

It  was  presumed  that  one  post  under  the  collar  in 

middle  of  the  tunnel  would  nut  be  sufficiently  strong  to 

istand  the  top  pressure,  or  rather  would  not  add  stiffness 

>ugh  to  prevent  the  collar  from  sagging. 

10.     To  Detei'mlMe  tJie  Size  of  Mtiie  Tlmbers.^The 
tB  of  timbers  are  chosen  in  mine  work  by  mental  estima- 
rather  than  by   arithmetical  calculation;  nevertheless, 
>erience  and  science  enter  into  that  estimation.     While 
size  of  a  timber  is  chosen  with  a  general  idea  of  the 
iin  it  is  expected  to  bear,  yet  it  is  considered  better  prac- 
to  increase  the  number  of  timbers  rather  than  their  size. 
principal  objections  to  heavy  timbers  are  the  great  diffi- 
Ity  of  handling  and  placing  them  underground  and  their 
l»t*     The  timbers  used  for  square  sets  may  vary  in  si^e 
8  in,  X  8  iti.  to  24  in.  X  28  in.,  the  latter  size  being 
isual  on  account  of  the  difficulty  in  obtaining  them.     Cali- 
ia,  Michigan,  and  New  Jersey  mines  use  heavy  round 
^bers  from  20  to  30  inches  in  diameter  on  wide  stopesj 
!l  in  places  where  such  large  timbers  are  not  available,  the 
epdency  is  to  use  timbers  12  in*  X  12  in.  and  even  smaller* 
then  depend  on  filing  to  help  sustain  the   pressure, 
latter  plan  is  probably  the  better* 

rO*  etren^th  of  HtiillH. — The  size  and  number  of 
Ilfi  required  to  sustain  the  weight  of  waste  ore  will  depend 
[the  width  of  the  vein  and  the  height  to  which  the  waste 
likely  to  accumulate*     It  is  better  to  increase  the  number 
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-  •  .•'.::    :h.iv.   their  size,   for  the  re:-.-* 
•     :j    expensive    to   handle   and    : 
.  .   ■.:•  '.iv:i:ni<;   than    li^^hter   siu'.'.-f    : 
'.V:::  ;:.hh1  walls,  stiills  7  feet  Icr;: 
..     .    •     y  ^'hes  apart  are  ealculatec:  t 
■:•   !<er.  ore  in  a  vein  standinir  it 

■  •,  >:!0"v^ih  decreases  directly  a<  : 
^*". .N  !•'  tcei  K>ns:  and  12  inches  ::: 
.:'    i'J   ree:  oi    \v:iste.  and  a    similar 

-v.^Min  or.Iy  'v>  feet  of  waste. 

KeinfoiH-lnir    Stiill?i. — After   waste 

■  "  >..:!'.e  time,  it  will  pack  and  thus  re'. 


\^*"    ^ 


.^mi  ^^^"- 


Fig.  8S 

In  some  instances. 


the 


:\  ::'".-n 


!  •' 


pack  wj]]  bee- :i:e 

jjmtit  will  retain  its  solidity  after  the  stulis  have  fa!; 

'^orto^^  ^'^*"  rctnoved.     This  need  not   be  expected 

\uveiD^  ^  ^^^^*  ^^  ^^^  packinor  starts  to  move  in  a::y  ve 

Mjg^ftll  probability  continue.     When  it  is  neces-.try 

,^j/0tf€  stulls  or  caps,  a  stout  post  <7.  Fii?.  >>>.  wh: 

.        ii  dffi^F**^^  sinking^  timber  ^.  is  placed  ir.  p  v^iri-- 

^;(0ij(lft wedges  r  are  driven  in  betweei 

ilting  timber. 


t'!e  <:::..  • 
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mines  are  located  are  liable  to  squeeze  and  crush  the  sup- 
ports, it  follows  that  if  the  latter  are  timbers  it  is  much 
easier  to  repair  them  than  when  of  masonry  or  steel. 
Masonry  lininjjs  for  tunnels  primarily  cost  more  than  tim- 
ber; but,  if  they  are  properly  constructed  and  are  not  sub- 
jected to  irrejrular  pressure,  they  will  require  few  repairs 
and  will  last  as  long  as  the  mine.  Portals  to  tunnels  should 
be  of  masonry  if  the  tunnel  is  to  be  permanent. 

73.     Masonry  Pillars. — In  the  Tilly  Foster  mine,  near 
Hrewster,  New  York,  an  attempt  was  made  to  build  artificial 


m^m 


Fig.  yO 


Fig.  91 


pillars  in  smh  a  manner  as  to  support  the  hanging  wall. 
'I'lu'^L'  piiiars  were  ct)mposedof  flat  brick  arches,  which 
siipi>«'rt(.(l  :i  Tiiass  of  concrete  that  was  intended  for  the 
])illar  ]M'(ip(M-.  It  was  discovered  that  they  were  not  of 
sntVuiciu  ^Mon-tli  to  carry  the  hanging  wall,  and  hence  tliey 
li.ul  U)  1)1-  Ti-n^ovcMl  and  the  mine  worked  as  an  open  pit. 
AfttM"  the  ilui.rs  ,nu:  j)<)rtions  of  the  ore  above  these  artificial 
]>illars  had  In-rn  n-niovcd,  they  were  exposed  as  shown  in 
Fiji,  ^^h  wlii^  h  is  1  t'])rodnced  from  a  photograph. 
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T4,     Masonry  Arches  aiitl  Tjiiilii^s* — Arches  may  con- 

ist  of  either  brick  or  stone.     Fig.  00  illustrates  a  stone 

ch,  which  in  this  case  is  practically  a  stull,  that  has  been 

ftpniDg  across  a  narrow  vein   tu  carrv  the  broken  material 

I  hove.     Pig.  91  illustrates  a  similar  arch,  except  that  in  this 

ise  one  wall  of  the  vein  was  so  soft  that  it  required  lining, 

hence  the  masonry  was  carried  down  on  one  side,  as 

m  in  tlie  figure.    Fig;  92  shows  an  elliptic  masonry  lining; 

this  case,  the  car  track  is  supported  on  timbering  in  such 

manner  as  to  leave  the  drainage  ditch  under  the  track. 


u: 


mm^'i^s 


75,  Mo»^onr.v  Wnllf?  With  Timber  or  Mt'tBl  Collars. 
There  the  excavation  is  not  snbjeclecl  to  heavy  side  pressure 
It  the  side  walls  require  some  support,  the  method  iUus- 

rated  in  Fig*  91^  may  be  employed.  It  consists  in  building 
itraight  brick  or  stone  walls  •at  the  sides  of  tlie  tunnel*  and 
sing  either  timber  stiills  or  steel  beams  across  the  top  of 
le  wails  to  support  the  lagging'  under <t he  roof.  The  walls 
lay  be  constructed  of  brick  or  stone  laid  up  with  cement,  or 
bey  may  be  laid  up  dry  with  large,  firm  pieces  of  rock.  If 
be  mine  w^ater  contains  acid  or  acid  salts  in  solution,  the 
>babililie§  are  that  iron  or  steel  l>eams  would  be  destroyed 
Sooner  than  wooden  beams  would  rot.  There  is  no  reason 
steel  shapes  could  not  be  ui^ed  to  advantage  in  many 
t  mines,  and  their  use  will  undoubtedly  increase  as  timber 
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decreases.  If  it  is  desired  to  use  iron  I  beams  or  old  Trails 
as  collars,  it  would  be  jjood  policy  to  place  wooden  sills  from 
4  to  6  inches  thick  on  top  of  the  masonry  wall  and  rest  the 
iron  on  them,  for  the  flanges  of  iron  beams  are  not  wide 
cnouy:h  to  afford  sufficient  bearing,  and  unless  the  pressure 
were  transmitted  over  the  wall  through  the  medium  of  some 
other  object,  such  as  timber  plates,  the  wall  would  crumble. 
The  plate  also  affords  relief  in  case  sudden  pressure  is  thrown 
on  the  beam,  as  wood  is  more  easily  compressed  than  masonry. 

7(>,  Iron  or  Stool  Boiinis. — Iron  or  steel  beams  when 
used  to  support  the  roof  of  excavations  must  be  tightly 
wedjjed  between  the  walls  and  the  roof  so  as  to  stiffen 
them  and  prevent  sagging.  Plank  lagging  should  be  placed 
above  the  beam,  in  order  to  fill  up  all  spaces  between  the 
])eam  and  the  ro<^f;  but  if  more  filling  is  needed,  round  or 
split  lagging  may  be  used  above  the  planks.  If  split  lagging 
is  su])stituted  for  plank  lagging,  the  fiat  side  is  placed  down 
lo  afford  a  wider  bearing  on  the  beam,  but  in  this  position 
split  laj^giiij:  is  not  so  strong  as  when  reversed  and  the  flat 
side  is  placed  in  compression  and  the  round  side  in  tension. 

77.    Hrlc'kaiKlCoiiiont  Walls  With  Iron  Cross-IJoaiiis. 

An  inj^enious  method  of  walling  a  level  is  advanced  by  English 
miners.  ( )n  uach  side  of  the  level,  which  is  in  a  dip  mine,  brick 
walls  a,  ¥'\\i.  U4,  are  built,  and  between  them  are  placed  walls* 


m 


m 


Fig.  91 

of  rubbish,  bound  toirother  with  cement  mortar  consisting  of 
four  parts  oi  sand  and  one  part  of  cement.  Along  the  top  of 
the  walls  so  constrr.utcd  a  wooden  stringer  c  is  placed.  If  the 
roof  is  good,  no  laL:-in:4  is  used,  but  the  metal  beams  t/are 
tightly  wedged  against  the  roof  above  the  walls  a  and  b. 
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ipostte  Support 9. — One  method  of  supporting 

IHs  and  the  toot,  where  the  latter  is  comparatively 

consists   in   building   the   cement   wall  a,   shown   in 

^5,  at  stated  distances  along  the  sides  of  the  level, 


Fm.  « 


\  walls  are  carried  to  withto  a  few  inches  of  the  roof» 
\  a  space  is  left  for  the  sill  6  and  the  caps  c.  Between 
anient  walls »  brick  or  stone  masonry  d  is  built  np  to 

two-thirds  Ihe  height  of  the  road,  and  on  top  of  this 
iry  short  pillars  of  brick  e  or  short  wooden  props  /  are 
I  to  support  the  stringers-     This  wall  is  said  to  act 

than  one  of  all  brick  and  cement,  as  it  deflects  to  a 
lerable  extent  before  giving  way.  Furthermore,  it  is 
er  than  brtck  masonry,  both  for  material  and  for  the 
required,  since  unskilled  workmen  can  be  employed  to 
Ihe  cement  masonry. 

Another  combination  system   advanced  where  the 


Fig.  S€ 


good,  but  where  the  side  walls  are  liable  to  fall  into 
^ftd^'ay,  is  shown  in  Fig*  96,    The  lower  part  ^i  is  a 
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cnniiiuious  wall  oi  stone  and  cement.  On  this  wall  at 
rc^ir.:ir  intervals  brick  pillars  d  are  erected,  and  between 
them  short  props  r  are  placed  to  support  the  stringer  d. 
This  wallinjj  and  timbering  i»:ives  general  satisfaction,  is 
easy  to  repair,  and  when  properly  constructed  will  last  as 
lonj;  as  that  part  of  the  mine  in  which  it  is  placed. 

80.     Advantages  of   Composite   Supports. — ^The 

advantages  claimed  for  brick  or  stone  walls  with  iron  girders 
instead  of  using  brick  arches  alone  may  be  stated  as  follows: 
Less  space  is  retiuired  to  be  excavated,  the  saving  in  this 
respect  being  nearly  25  per  cent.  Less  labor  and  time  are 
reciuired  for  erection,  and  therefore  the  cost  is  reduced. 
In  soft  strata,  girders  can  be  placed  as  the  work  proceeds; 
while  with  brick  arching,  temporary  supports  must  be  used, 
thus  increasing  the  cost.  Girders  can  easily  be  removed 
fr(»iu  one  part  of  a  mine  to  another  and  used  over  again; 
whereas,  brickwork  can  seldom  be  removed,  and  is  lost  when 
that  part  of  the  mine  in  which  it  is  erected  is  abandoned. 


MKTAT^  Sl'PPORTS 

Iron  or  stct'l  s<»ts. — Iron  or  steel  beams  are  best 


81. 

adapted    to   haulage 


T-i', 


Fig.  ^"*  ^"  "" 
Settling  of  sir. 


roads  where  the  pressures  are   fairly 

uniform    and    the    strata   have 

settled.     Steel    g:irders  seldom 

"  "■     break  when    subjected   to  sud- 

"\      den  pressure,  but   bend  in  the 

:?    center,    and    these    deflections 

^'     may  be  sufficient   to  make  the 

area   of   the   hatilage  road  too 

y     small;  hence,  the  strata  sh-MiIc 

have  settled    or    the    pressures 

'      be  uniform  where  iron  sets  are 

used,    otherwise     the    roadbec 

should    be    made    high,    as   in 

when    settling  occurs  it  may   be  lowered. 

:-  nut  so  liable  to  occur  in  roadwavs  where 
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about  2  feet  apart,  and  the  lagging  is  driven  in  as  tig 
as  possible.  Instead  of  fish-plates,  wrought-iron  bara 
may  be  placed  over  the  joints  and  held  in  place  by  woodt 
wedges.  In  the  figure,  c  is  bent  metal,  d  is  the  laggin 
and  a  is  broken  stone  and  cement,  for  in  this  particul; 
case  the  wall  was  sand.  The  figure  shows  a  sectioD  of  tl 
Chicago  subway. 

83.  Cast-iron  posts  with  I-beam  caps  were  employed ; 
a  mine  in  Staffordshire,  England.  The  posts  were  mac 
hollow,  and  were  flanged  at  the  ends  as  in  Fig.  99  ia).  . 
cast-iron  chair  a  was  made  to  fit  into  the  post  and  receive  th 


cap  Ik  In  Fig.  99  (d)  the  chair  was  made  for  a  50-pound  rail 
which  was  reversed  so  that  the  rail  flange  would  rest  onibe 
horns  of  the  chair.  The  lagging  c  was  of  wood,  and  abow 
this  were  arranged  planks  dy  in  order  to  wedge  up  the  lag* 
^nncj  and  make  a  tight  joint.  A  saving  of  timber  wai 
ctTected  by  placing  the  planks  d  on  top  of  the  laggiug  ^ 

84.  Hall  Beams. — In  some  instances,  old  rails  are  use* 
as  beams  when  they  can  be  obtained  cheaply  from  the  rail 
roads.  A  method  of  using  them  on  wooden  posts  is  shoir 
in  V\^.  ino  (d).  To  prevent  the  legs  from  being  pushed! 
at  the  tojx  iron  bands,  made  as  shown  at  a  in  Fig.  100  d 
M'C  placed  in  front  of  the  posts  shown  at  dy  Fig.  100  U 
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Vedz^s  Cy  Fig.  100  (^),  are  then  driven  in  tightly,  to  prevent 
he  bands  from  slipping  and  the  ends  of  the  rails  are  wedged 
iS  shown  at  d.  Fig.  100  (a). 


Pig.  lOO 

85.  Advantagres  of  Iron  and  Steel  BeaniH. — Iron  and 
^eel  beams  are  lighter  and  easier  to  handle  than  wooden 
^«ams  having  the  same  strength.  Moreover,  there  is  no 
I  anger  of  their  catching  fire;  they  do  not  decay;  and  they 
rive  increased  space  for  air  to  circulate,  because  their  size 
Or  a  given  strength  is  less  than  that  of  timbers. 

86,  Cost  of  Iron  or  Steel  Girders. — The  cost  of 
'  beams  varies  with  the  demand,  and  at  the  mines  the  mill 
>iice  will  be  increased  by  the  freight  rates.  The  average 
>rTce  of  structural  beams  is  about  1.7  cents  per  pound, 
although  at  times  it  may  be  as  low  as  $28  a  ton.  Compared 
■^th  timber,  such  beams  are  twice  as  expensive;  but,  on  the 
^ther  hand,  they  will  last  from  four  to  six  times  as  long 
■^here  the  conditions  are  favorable  to  their  use.  Owing  to 
Varying  conditions  in  different  mines,  the  size  of  girders 
^ust  be  regulated  to  the  weight  that  comes  on  them. 
Girders  should  have  at  least  5  inches  web  in  order  to  have 
^tjffiiess,  and  the  weight  per  linear  foot  should  increase  as 
%t  span  increases. 
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STRENGTH    OF    METAL.    BEAMS 

87.  Neutral  Axis  of  Metal  Beams. — The  neutrtl 
axis  is  the  line  passing  through  a  beam  on  which  there  is 
neither  compression  nor  tension.  If  a  load  is  applied  to  aa 
iron  or  steel  beam,  it  will  cause  the  beam  to  bend  a  cenain 
amount;  and  it  is  impossible  for  a  piece  of  material  to  bend 
without  stretching  the  fibers  on  the  outer  side  and  compress- 
ing the  fibers  on  the  inner  side.    Thus,  Fig.  101  represents  a 

^  bar  of  iron  that  has  been 
subjected  to  bending 
strains;  it  is  compressed 
at  a  and  stretched  at  h. 
The  tension  and  com- 
pression are  greatest  in  those  fibers  that  are  farthest  from 
the  neutral  axis  c  d.  Rupture  may  occur  at  h^  but  the 
bar  will  sustain  weight  until  the  rupture  has  reached  the 
neutral  axis,  when  continued  strain  will  cause  it  to  collapse. 
The  neutral  axis  passes  through  the  center  of  gravity  of  the 
cross-section  of  the  beam. 

88.  Properties  of  Metal  Beams. — Metal  beams  arc 
subject  to  the  same  natural  phenomena  as  wooden  beams. 
Any  load  on  a  beam  exerts  a  destructive  force  that  tends 
first  to  bend  and  next  to  break  it.  A  beam  under  the  influ- 
ence of  a  load  exerts  two  equal  and  opposite  resistances— occ 
to  bendin^j  and  the  other  to  cross-breaking.  It  is  understood, 
from  what  has  been  said  concerning  wooden  beams,  that 
the  method  of  support  influences  the  strength  of  beams  acd 
also  the  method  of  loading  the  beam. 

8f).  Moinont  of  Inertia. — The  efficiency  of  a  beam  in 
resisting:  strains  depends  on  the  area  and  the  form  of  the 
cross-section  of  the  beam.  The  effect  that  form  and  arci 
have  in  increasing:  or  decreasing  the  strength  of  a  beam  is 
termed  its  inonuMit  of  inertia,  and  it  may  be  found  by  a^^ 
inj^  foi:<f/ir;  the  products  obtained  by  mtiltiplying  the  ana  oi 
each  part  of  the  cross-section  by  the  square  of  its  distance  ifvm  i^ 
fieutral axis.    In  most  forms  of  structural  material,  the  moment 
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of  inertia  has  been  obtained  by  calculus  and  tabulated, 
but  it  may  be  calculated  by  dividing  a  cross-section  into 
squares  or  triangles  and  multiplying  their  areas  by  the 
squares  of  the  distance  of  their  centers  of  gravity  from 
the  neutral  axis. 

The  formula  that  represents  the  moment  of  inertia  is,  for 
a  solid  rectangular  beam, 


/  = 


12 


in  which 


B  =  width  of  beam; 
D  =  depth. 


^ 

B 

— *1 

t 

t 
1 

Q 

.^J 

l"'* 

.J 

: 

i 

90.  Moments  of  inertia  when  referred  to  the  same  axis 
can  be  added  or  subtracted.  Thus,  in  the  hollow  rectangle 
shown  in  Fig.  102,  if  B  represents  the 
outside  width  and  D  the  outside  depth, 
while  d  represents  the  inside  depth  and  b 
the  inside  width,  the  moment  of  inertia 
of  the  section  can  be  found  by  subtracting 
the  moment  of  inertia  of  the  inner  rect- 
angle from  the  moment  of  inertia  of  the 
outer  one,  thus  forming  the  equation 

12  Fio.  102 

91.  I  Beams. — In  mining,  I  beams  will  be  more  gener- 
ally used  than  rectangular  metal  beams,  and  their  moment 

-B — --^     of  inertia  is  found  by  a  similar  method  of 
reasoning.    A  rectangle.  Fig.  103,  is  taken 
whose  height  D  is  the  depth  of  the  beam, 
and  whose  width  B  is  the  same   as  that 
._  of  the  flanges  of  the  beam;  then  the  rect- 
angle would  have  an  inertia  expressed  by 
BD^^ 
12  ' 
angles,  each  equal   to  d  multiplied  by  b. 
Let  /  be  the  thickness  of  the  web;  then, 
and,    if    /,    represents    the    thickness    of    the 
d.     The  inertia   of    the    sectional    area 


! 


#-*-*'r* 


V' 


I  = 


In  Fig.  103,  there  are  two  rect- 


Pio.  lOS 


^  -  /  =  2  ^; 
flanges,  Z)  -  2  /.  = 


82  SUPPORTING  EXCAVATIONS  §58 

to  be  deducted  from  the  inertia  of  the  rectaagle  is 
{B-t)  (D -2  ty,  or  2  bd" 

hence,  the  inertia  for  an  I  beam  is 

,      BD'      (B-t){D-2t)-        J       BD'-2bd' 
^=^ 12 ■°'^^= ^12 

Example.— An  I  beam  has  4"  X  .425"  flanges  and  is  8  inches  deep: 
the  web  of  this  beam  is  .27  inch  thick.    What  is  its  moment  of  inertia? 

Solution.— Here,  ^  =  4,  /»  =  .425,  /  =  .27,  and  /?  =  8.    As  jtist 

B  —  t 
shown,    B  —  t  =  2  b\    hence,    b  =  — ^ — •      In    this    case,   therefore, 

4—27 
b  =  — -    -  =  1.865.     Also,  </  =  /?  —  2  /»,  which  in  this  instance  i> 

£/  =  8  -  2  X  .425  =  7.15. 
Substituting  these  values  in  the  formula,  the  following  equation  is 
obtained: 

-       BD*-2bd*       4  X  8'  -  2  X  1.865  X  7.15'        ^,  ^  , 
/  = j2 =  ^12 =  57.05-f .      Ans. 

92.  Section  Modulus. — The  moment  of  resistance 
and  the  section  modulus  5"  are  one  and  the  same  thing. 
The  section  modulus  is  equal  to  the  moment  of  inertia 
divided  by  the  extreme  distance  from  the  neutral  axis, 
multiplied  by  the  modulus  of  rupture,  or  the  fiber  stress. 
If  7"  represents  the  distance  from  the  neutral  axis  to  the 
farthest  fiber  of  a  beam,  the  section  modulus  will  be  repre- 
sented by  r,  in  which  T  is  taken  in  inches,  and  is  the  dis- 
tance of  the  center  of  gravity  of  a  section  from  the  top  or 
from  the  bottom. 

Since  the  moment  of  inertia  is  expressed  by  the  formulas 

I  =    -        and  T  =    _  ,  then, 

BD' 

S  =  -It-  =  "^f-  X  >.  =  ^^  X  modulus  of  rupture 
D  12         Z/  6 

2 

93.  rroporties  of  Standard  I  Beams. — Table  I 
gives  the  United  States  Steel  Company's  standard  sizes  of 
I  beams.  The  headings  are  descriptive  of  each  column. 
The  different  values  given  in  column  2  are  the  results  due 
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to  having  different  thicknesses  of  web  for  beams  of  the  same 
depth,  and  different  widths  of  the  flanges. 

94.  The  modulus  of  rupture  and  the  fiber  stress  are 

synonymous  terms,  and  mean  the  safe  strength  of  a  beam. 
The  safe  loads  for  I  beams  are  taken  at  7,000  pounds  per 
square  inch  of  section  for  cast  iron;  12,000  pounds  per  square 
inch  of  section  for  wrought  iron;  and  16,000  pounds  per 
square  inch  of  section  for  steel  beams.  For  riveted  steel 
girders,  the  safe  load  is  generally  taken  at  13,000  pounds. 
As  the  strength  of  a  beam  is  inversely  as  its  span,  the  safe 
load  for  any  span  may  be  obtained  by  dividing  the  safe  load 
for  1  foot  of  span  by  the  span  in  feet. 

Let    IV  =  total  load  on  beam,  in  pounds; 
L  =  span,  in  feet; 

C  =  coefficient  of  fiber  stress  given,  m  pounds  or 
tons. 

Then,  the  values  for  the  safe  load  x,  in  pounds,  and  the 
value  for  section  modulus  5"  may  be  found  for  beams  sup- 
ported at  both  ends  and  loaded  in  the  middle  by  the  following 
formula: 

^  =  ^^_,orW/=3^;hence,5=      -^- 

Example. — A  steel  I  beam  of  20  feet  span  has  to  support  a  load  at 
its  middle  of  24,000  pounds;  what  must  be  the  size  and  weight  of  the 
beam? 

Solution.— Here,  Z:  =  20;  JV  =  24,000;  and  C  =  16,000;  then,  from 
the  formula, 

-.  _  3X20  X  24,000  _  „ 
-^  "  ^16,000  -  ^ 

In  column  6  of  Table  I,  93.5  is  found  to  be  the  nearest  section 
modulus,  which  is  the  factor  for  a  60-lb.  18"  X  6"  beam  with  a  web 
.65  in.  thick.     Ans. 

95.  The  safe  load  for  metal  beams  supported  at  both 
ends,  with  the  load  uniformly  distributed,  is  found  from  the 
following  formula: 

;.  =  2AC  ^,  ^  ^  2  X  r.  ,,„,,^  5  =  3_^ 
ZL  ZL  IC 
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TABI<E  I 

PROPERTIBS  OF  8TAKDARD  I  BEAMS 


1 

2 

S 

4 

5 

6 

Depth 

of 
Beam 
Inches 

Weight 
Pounds 

Area  of    Th 
Section 
Square 
Inches 

ickness 

of 
Web 
Inch 

Width 

of 
Flange 
Inches 

Section  Modulus 

(5).  Neutral  Axis 

Perpendicular  to 

Web  at  Center 

24 

100.00 

29.41 

754 

7.254 

198-4 

24 

95.00 

27 -94 

692 

7.192 

192.5 

24 

90.00 

26.47 

631 

7-^3^ 

186.6 

24 

85.00 

25.00 

670 

7.070 

180.7 

24 

80.00 

2332 

500 

7.000 

174.0 

20 

75.00 

22.06 

649 

6.399 

126.9 

20 

70.00 

20.59 

575 

6.325 

122.0 

20 

65.00 

19.08 

500 

6.250 

117. 0 

i8 

70.00 

20.59 

719 

6.259 

102.4 

i8 

65.00 

19.  12 

637 

6.177 

97  9 

i8 

60.00 

17.65 

555 

6.095 

93-5 

i8 

55  00 

1593 

460 

6.000 

88.4 

15 

55  00 

16.18 

656 

5  746 

68.1 

15 

50.00 

14.71 

558 

5.648 

64-5 

15 

45.00 

13-24 

460 

5  550 

60.8 

15 

42.00 

12.48 

410 

5500 

58. Q 

ij 

35  00 

10.  29 

436 

5  086 

38.0 

12 

31-50 

9.  26 

350 

5.000 

36.0 

10 

40.  GO 

II  .76 

749 

5  099 

3^-7 

10 

35  00 

10.  29 

602 

4.952 

29.3 

10 

,SO.  00 

8.82 

455 

4.805 

26.8 

10 

2  5 .  00 

7  ct7 

310 

4.660 

24.4 
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TABLE  1— {Continued) 


1 

2 

5 

4 

6 

6 

Depth 

of 
Seam 
[nches 

Weight 

Foot 
Pounds 

Area  of      TY 
Section 
Square 
Inches 

lickness 

of 
Web 
Inch 

Width 

of 
Flange 
Inches 

Section  Modulus 

(S).  Neutral  Axis 

Perpendicular  to 

Web  at  Center 

9 

35  oo 

10.29 

7Z^ 

4.772 

24.8 

9 

30.00 

8.82 

569 

4 

609 

22.6 

9 

25.00 

7-35 

406 

4 

446 

20.4 

9 

21.00 

6.31 

290 

4 

ZZO 

18.9 

8 

25  50 

7.50 

541 

4 

271 

17. 1 

8 

23.00 

6.76 

449 

4 

179 

16.  I 

8 

20.50 

6.03 

357 

4 

087 

15.1 

8 

18.00 

5-33 

270 

4 

000 

14.2 

7 

20.00 

5.88 

458 

3 

868 

12.2 

7 

17.50 

5.15 

353 

3 

763 

II. 2 

7 

15.00 

4.42 

250 

3 

660 

10.4 

6 

17.25 

507 

475 

3 

575 

8.7 

6 

14.75 

4.34 

352 

3 

452 

8.0 

6 

12.25 

3.61 

230 

3 

330 

7Z 

5 

14.75 

4-34 

504 

3 

294 

6.1 

5 

12.25 

3.60 

357 

3 

147 

5-4 

5 

9.75 

2.87 

210 

3 

000 

4.8 

4 

110.50 

3.09 

410 

2 

880 

3-6 

4 

9.50 

2.79 

ZZ7 

2 

807 

3-4 

4 

8.50 

2.50 

263 

2 

7Z3 

3-2 

4 

7.50 

2.  21 

190 

2 

660 

30 

3 

7.00 

2.  21 

361 

2 

521 

1.9 

3 

6.50 

1. 91 

263 

2 

423 

1.8 

3 

5.50 

1.63 

170 

2 

330 
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Example. — A  steel  beam  of  20  feet  span  has  to  support  a  nniformly 
distributed  load  weighing  24,000  pounds;  what  must  be  the  dimensions 
of  such  a  beam? 


Solution. — Here,  L 
the  formula  just  stated, 

5  = 


20;  »^  =  24,000;  and  C  =  16,000;  then,  from 

3  X  20  X  24,000        .. 
=  4o 


2  X  16,000 

In  column  6,  Table  I,  the  nearest  number  to  45  is  58.9,  and  this  sec- 
tion modulus  calls  for  a  15"  X  5.5"  beam  weighing  42  lb. 
per  ft.,  and  having  a  web  .41  in.  thick.     Ans. 

96.  Iron  Props. — Fig.  104  is  a  hollow  iron 
prop  made  in  two  sections  a  and  b  with  a  sleeve  c. 
This  prop  has  been  used  in  long-wall  working  where 
it  is  necessary  to  draw  the  prop  to  let  the  roof  sag. 
By  knocking  up  the  sleeve  r,  the  prop  falls  down 
and  can  be  pulled  out  of  danger.  In  case  one  or 
the  other  section  of  the  prop  is  buried  by  rock,  it 
can  usually  be  recovered  by  a  chain  attached  to  the 


# 

b 


^ 


parts    a    and    b.     This    chain    is 

strong:  enough  to  recover  the  end 

from  under  the  first  fall  of  rock. 
Fig:.  105  {a)  shows  the  section 

of  an  I  beam  that  has  its  web  a 

cut  down  so  that  the  flanges  b  can 

be    turned   down    over   it,    as    in 

Fig:.   105   (^),  to    form    the   ends 

of   a   prop.     As  these  are  more 

expensive    than    wooden    props, 

holes  c  are  punched  in  the  web, 

and   in   these   a  hook  can  be  in- 
serted to  help  withdraw  the  beams 

tor   future  use.     Cast-iron  props 

are   heavy,  and  are  liable  to  be- 
come broken  when  pulled;  hence, 
this   prop,   being:    lig:hter    and    tougher,  is  preferred.     This 
I  prop  is  patented,  and  is  known  in  England  as  Firth's  prop. 


W 


Fig. 
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QUANTITATIVE  ANALYSIS 


INTRODUCTION 

!•  The  determination  of  the  quantity  of  an  element  in 
any  given  substance  is  termed  quantitative  analysis. 
Assayins:  is  the  quantitative  analysis  of  ores,  minerals,  and 
metallursfical  products,  and  is  practiced  in  order  to  ascertain 
their  value. 

There  are  two  general  ways  of  making  analyses,  the  wet 
way  and  the  dry  way.  Wet  assays  are  generally  spoken  of 
as  analyses,  to  distinguish  them  from  dry,  or  fire,  assays, 
although  the  term  assay  is  equally  applicable  to  both.  The 
two  methods  of  assaying  differ  so  radically  that,  in  order  to 
avoid  confusion,  they  will  be  described  separately.  With  the 
exception  of  gold  and  silver,  all  the  metals  can  be  more 
accurately  determined  in  the  wet  way  than  in  the  dry  way. 
This  practically  restricts  fire-assaying  to  the  determination 
of  gold,  silver,  and  lead.  In  America,  lead  ores  are  almost 
entirely  bought  and  sold  on  the  results  obtained  by  fire-assay; 
owing  to  the  fact  that  a  certain  percentage  of  the  metal  is 
volatilized  in  smelting  operations.  The  fire-assay  of  lead  is 
performed  in  such  a  way  as  to  correspond  closely  with  the 
conditions  that  prevail  during  the  smelting  of  lead  ores  for 
base,  bullion.     For  the  exact  chemical  analysis  of  lead,  the 

C^^yrigkied  b9  InUrnational  Textbook  Company.    Entered  at  Stationers'  Hall.  Londmt 
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wet  assay  is  to  be  employed.  Copper  and  tin  ores  were 
once  assayed  by  fusion,  but  this  method  has  been  almost 
entirely  superseded  by  wet  assaying^,  which  in  the  case  of 
copper  is  much  more  accurate. 


FIRE-ASSATING 


PRELIMINARY    OPERATIONS 

2.  The  work  and  apparatus  of  fire-assaying^  will  be 
described  as  nearly  as  possible  in  the  order  of  the  actual 
operations. 

The  outfit  of  an  assay  office  will  naturally  vary  somewhat, 
depending  not  only  on  the  amount  and  character  of  the  work 
to  be  done,  but  also  on  the  individual  preferences  of  the 
assayer.  Only  the  most  essential  apparatus  of  the  fire-assay 
office  are  given  here.  Many  of  the  articles  listed  by  dealers 
in  assay  supplies,  though  convenient  in  special  cases,  are  of 
little  or  no  use  in  the  ordinary  run  of  fire-assaying.  There 
are,  however,  some  labor-saving  devices  that  the  assayer 
will  find  very  convenient  to  adopt,  as  they  will  lessen  his 
work;  such  articles  and  their  uses  will  be  taken  up  in  order. 

3.  Samples  for  Assaying. — As  a  rule,  the  samples  sent 
to  the  i)ublic  assay  office  are  less  than  1  pound  in  weight, 
but  at  mills  and  smelters  the  samples  weigh  several  pounds. 
The  sample  should  never  be  so  small  that  there  will  be  insuffi- 
eicnt  ore  left  to  make  a  duplicate  assay,  for  an  accident  may 
ruin  the  first  assay,  or  doubt  may  be  raised  as  to  its  accuracy. 
Samples  for  assaying  are  so  finely  pulverized  as  to  pass 
throu^^h  an  SO  or  100  screen — that  is,  a  screen  having  80  or 
100  oi)enin*is  to  the  linear  inch,  or  6,400  to  10,000  openins^s 
to  the  square  inch.  When  the  material  is  finely  pulverized, 
it  goes  more  rapidly  into  solution,  particularly  if  it  is  of  a 
refractory  nature.  To  prepare  a  sample  for  assay,  apparatus 
and  tools  are  recjuired,  and  these  are  described  in  the  order 
of  their  use. 
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!  pounds;  one  weighing  about  18  pounds  is  sufficiently  heavy 
>r  laboratory  work.  In  case  there  are  lumpsof  ore  n%  large 
i  pea,  the  ore  should  be  sifted  and  the  coarse  lumps 
ilverized  in  a  small  iron  mortar  and  then  returned  to  the 
ticking  board.  The  muller  is  moved  back  and  forth  with 
la  right  hand,  while  the  left  hand  rests  on  the  m tiller.  The 
lample  is  pulverized  until  it  will  pass  through  an  80-  or 
^mesh  sieve.  The  operator  has  a  brush,  with  which  he 
&ps  the  pulverized  material  into  the  trough  d,  and  from 
lis  trough  into  a  sieve.  The  material  that  will  not  pass 
irough  the  sieve  is  returned  to  the  bucking  board  and  is 
(eground  until  it  does.  After  a  sample  has  been  ground, 
bucking  board  must  be  thoroughly  cleaned  to  prevent 
ml  tin  17,  that  is,  increasing  the 
Itiantity  of  gold  in  the  next  sample 
icked. 

Bucking  boards  and  multers  can 
7e  obtained  with  rough  or  planed 
lurfaces.  While  the  rough  boards 
id  mullers  are  cheaper  and  eventu- 
Imlty  wear  smooth,  they  are  difficult 
to  cleati  -hence  the  planed  boards 
are  to  be  preferred.  There  are 
>ther  kinds  of  bucking  boards  that 
lay  be  obtained;  one  of  these  is 
"circular,  and  still  another  is  suspended  on  trunnions  at  the 
I  ides;  the  one  shown  in  Fig,  10  is,  however^  the  standard. 


T 
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10,  Btiek'i^  Mortar, — For  the  purpose  of  pulverizing  a 
imple  uf  ore,  without  the  arduous  work  required  for  buck- 
iZf  the  machine  shown  in  Fig.  11  was  invented.     The  mortar 

las  a  spindle  a  in  the  center  of  the  bowl,  around  which  the 
luUer  i  is  rotated.  The  handle  e  is  for  the  purpose  of 
>tiiting  the  muller  horiitontally  around  the  pivot,  and  lifting 

|t  from  the  mortar.     As  the  muller  weighs  28  pounds  and  the 

lortar  32  pounds,  there  is  little  saving  in  work,  for  both 

last  be  lifted  after  grinding  and  re  grinding.     For  gfrinding 

sample  with  quicksilver  to  amalgamate  the  gold^  or  for  the 
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tjven,  FtE.  9.     Clayey  ores  will  not  pulverise  readily  until 
the  moisture  has  been  expelled,  and  this  csinnot  readily 

accompliahed  below 
temperature  of  lOO^  C^J 
or  212^   F.     Iron 
mangfatiese  ore^  soti 
times  contain  comsider*^ 
able  moisture,  and  dst^ 
purchased  on  an  analy- 
sis of  dry  ore.     S^ip-J 
pose,  for  example,  as^ 
iron  ore  contained  5  pc: 
cent,  of  moisture:  thcii,j 
in  2,000  pounds  then 
would  be   100  pattnd 
of  water,  and  the  pti 
chaser  would  pay  ooe 
twentieth  of  the  pr 
oi  the  ore  for  water. 
In    use,  the  wste 
bath  is  placed  above) 
suitable  heater,  as  also  is  the  dryer*     The  Vails  of  the  water 
bath  are  double  and  contain  water,  thus  preventing  the  teoar 
perature  rising  above  ltX>^  C.     The  spout  shown  ts  for  \ht 
escape  of  steam.  The 
air  dryer  has  an  open- 
ing  a,   in  which    is 
inserted  a  thermome- 
ter, by  means  of  which 
the  heat  is  recorded 
and  regulated. 

9.      Bucking 
Board « — After  the 

sample  has  been  Fm.  le 

reduced  to  1  pound  or  less,  it  is  placed  on  a  cast-imii  pli 
Fig*  10,  termed  a  buckltiiyr  bo«r<1  and  y 
cast-iron  muUer  ^i.     Mullers  with  handles  w^i^^^ 
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flcti  have  bottoms,  while  the  other  two  are  open.     The 

imple  is  halved  iti  the  upper  bucket «  and  again  halved  id 

ttc  lower,  thus  allowing  one-quarter  of  the  original  sample 

reach  the  discard  bucket.     Ref ceding  the  quarter  obtained 

Ironld  furnish  a  sample  of  one*sixteenth  the  quantit^r  of  the 

igtnal  3;ample,  and  a  second  refeeding  would  reduce  it  to 

\Tm  Sixty-fourth  of  the 

original  sample*     The 

lachine  is  operated  by  a 

:  i\  which  when  revolved 

i^  a  cam  that  shsjhtly 

|pa  the  hopper  by  striking 

finger  /^  connected  with 

ae  hopper  by  the  spring  ^if. 

le  buckets  rotate  in  oppo- 

|ite  directions,  thus  taking 

le  whole  litream  part  of  the 

ae  and  not  a  part  of  the 

Itream   the  whole  time* 

lech  an  tea  1    samplers   for 

iboratory  work  are  driven 

power,  where  the  ore  to 

sampled — as  at  smelters, 

lilts,    nod    custom    sam- 

:h  received  in  large 

i'js,  and  by  hand,  in 

ri^ate  laboratories.  ^^^■Uli  d 


V 
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6,     QuRrteritigr.  — The       .  ^, 
acthod  of  reducing  samples         \ 

quartortn^  takes  its 

lame  from  Llie  peculiar 

Banner  in  which  it  is  performed.    Suppose  an  assay  sample  is 

'^11  from  a  100*pound  sample  of  ore,  made  up  of  coarse 

himps,  and  representing,  perhaps,  a  carload  of  ore* 

le  sampling  floor  is  first  swept  thoroughly,  to  prevent  any 

dust  from  foimer  samplings  becoming  mixed  with  the 

implc  in  hand*     Then,  the  entire  sample  is  run  through  a 
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crusher,  which  reduces  the  lumps  to  a  maximum  diameter 
of,  say,  1  inch.  If  the  ore  is  high  grade  or  contains  rich 
lumps  in  a  comparatively  barren  gangue,  the  first  crushing 
should  be  considerably  finer,  in  order  to  make  the  even  dis- 
tribution of  the  values  more  certain.  Two  or  three  1-inch 
lumps  more  of  rich  ore  in  one  half  of  a  sample  than  in  the 
other,  when  the  main  mass  of  the  sample  is  barren  gangne 
material,  would  cause  quite  a  serious  error;  but,  if  the  ore 
is  crushed  to  i  inch  as  the  maximum  diameter,  a  lump  more 
or  less  of  rich  ore  on  either  side  would  cause  an  error  only 
one  sixty-fourth  as  great  as  that  from  a  1-inch  lump,  as  the 
volume  is  in  proportion  to  the  cube  of  the  diameter,  and 

the  chances  of  the  ore  being 
evenly  mixed  will  also  be  much 
greater. 

The  crushed  ore  is  now  thor- 
oughly mixed  on  the  floor  and 
heaped  up  into  a  conical  pile, 
each  shovelful  being  carefully 
upset  on  the  apex  of  the  cone, 
so  as  to  run  down  all  around. 
The  sampler  now  walks  round 
and  round  the  heap,  continually 
raking  down  a  little  ore  from  the 
pile  with  the  shovel,  until  the  ore  is  in  a  fiat,  circular  pile. 
Fi:^.  ('),  about  4  inches  thick.  The  pile  is  then  marked  off 
with  a  stick  into  quadrants,  as  shown  in  the  figure  by  the  two 
diametrical  lines  at  right  angles  to  each  other.  Two  alternate 
f]uarters  are  then  carefully  shoveled  away.  Thus,  considering 
the  (iuadrants  as  numbered  consecutively  from  1  to  4,  Nos.  i 
and  :)  would  be  discarded,  and  Nos.  2  and  A  saved,  or  vice 
versa,  'i'his  leaves  but  half  the  sample  to  be  operated  on; 
and  this,  if  the  work  has  been  carefully  done,  should  be  of 
the  same  value  as  the  discarded  portion.  The  two  quarters 
that  were  saved  are  again  crushed — this  time  to  a  maximum 
diameter  of  perhaps  I  inch — and  the  entire  operation  is 
repeated.  This  will  leave  a  sample  only  one-fourth  as  large 
as  the  original  sample,  but  of  the  same  average  value.    The 
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imple  is  fttrther  reduced  by  continued  qiianeringf,  or  by 
lining  the  tin  sampler,  to  about  i^  pound;  and  this  is  pulverized 
ad  screened, 

7.     For  mixing  small  samples*  say  10  pounds  and  less, 

leaping  up  and  shoveling 

rill    be   found    a    rather 

Kdioas  and  clumsy  proc- 

|ss.      After    the    sample 

down  to  that  si^e,  and 

small  assay  samples, 

ae  following  method  Is 

{enerally  adopted: 

The  crushed  sample  is 

placed  on  a  sheet  of  oil*  ^ 

sloth  or  rubber  doih, 

rbich   is   placed   on   the 

>r  or  table;  the  alternate 

jrnera  of  the  cloth  are 

len  drawn  over,  one  at  a 


Pic,  T 


iuiet  toward  the  corners  diagonally  opposite*  rolling  and 
g  the  sample  within*     Wheo    thoroughly  mixed,  the 
pie  is  heaped  up  into  a  conical  pile  by  drawing  the  comers 
i  the  cloth  upwards.     The  pile  is  then  flattened  as  follows: 
thin  sheet  of  iron,  held  as  shown  in  Fig,  7,  is  pressed 
^s^^^  down  slightly  into  the  apex  of 

the  cone  and  twisted  gently 
around.  As  the  plate  revoH^es, 
it  flattens  and  spreads  out  the 
ore,  the  process  being  continued 
until  the  pile  is  reduced  to  the 
desired  thickness.  The  pile  is 
then  marked  out  into  quadrants 
with  a  spatula,  and  quartered  as 
Iready  described.  Quartering  has  been  found  by  experiment 
lo  gi^^e  accurate  average  samples,  if  the  work  is  carefully  done, 

8.     I>r,vlti|f    the    Bntiiplts — Before    pulveriising,    wet 
iplcs  must  be  dried  due  water  bath,  Fig,  8,  or  in  a  drying 
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oven.  Fig,  9.     Clayey  ores  will  not   pulverize  re^ 
the  moisture  has  been  expelled^  and  this  cannot  rtituuv  lh: 

accomplished  below  i| 
temperature  of  100^  C^ 
or  212^  F,     Iron 
maoeaBese  ores  soise 
times  contain  coDsidn^ 
able  moisture,  and  ait 
purchased  on  an  analj* 
sis   of   dry  ore.     So 
pose,  for  example* 
iron  ore  contained  5  j 
cent,  of  moistttre;  ihoii 
m  2,000  pounds  there' 
would   be    lOO  pooodi 
of  water,  and  the  sjor- 
chaser  would  pay  od^| 
twentieth  of  the  prio 
of  the  ore  for  water* 
In   use»   the  wtlc 
bath  is  placed  abort  a  J 
suitable  heater*  as  also  is  the  dryer.     The  Vralls  of  the  waiter 
bath  are  double  and  contain  water,  thus  preventing  the  te 
perature  rising  above  ltX>°  C.     The  spout  shown  is  lot  the] 
escape  of  steam.  The 
air  dryer  has  an  open- 
ing  a,   in  which    is 
inserted  a  thermome- 
ter,by  means  of  which 
the  heat  is  recorded 
and  regulated. 


Fto.i 


9,      B  u  e  k  i  n  er 
Hoard  ♦ — After  the 

sample  has   been  ^^^  -^ 

reduced  to  1  pound  or  less,  it  is  placed  on  si  c^^t-iri>n  pbtt.  I 
Fig.  10,  termed  a  L>ui*ktiiie  boa  ml  and  p 
cast-iron  niullcr  a*     Mullers  with  handles  ^vi^ij^j*  u 
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I  IKJunds;  one  weighing  about  18  pounds  is  sufiSciently  heavy 
>r  laboratory  work.    In  case  there  are  lumps  of  ore  as  large 
a  pea»  the  ore   shaotd  be   sifted  and  the  coarse  lamps 
ilverized  in  a  small  iron  mortar  and  then  returned  to  ihe 
zking  t}oafd.     The  muller  is  moved  back  and  forth  with 
le  right  hand*  while  the  left  hand  rests  on  the  muller.    The 
ifnple  is  pulveris&ed  until  it  will  pass  through  an  80-  or 
JOO^mesh  sieve.     The  operator  has  a  brush,  with  which  he 
feeps  the  pulverized  material  into  the  trough  ^,  and  from 
lis  trough  into  a  sieve*     The  material  that  will  not  pass 
irough  the  sieve  is  returned  to  the  bucking  board  and  is 
*ground  until  it  does.     After  a  sample  has  been  ground, 
le  bucking  board  must  be  thoroughly  cleaned  to  prevent 
Inirlnjir,  that  is,  increasing  the 
laantity  of  gold  in  the  next  sample 
bucked* 
Bucking  boards  and   mullers  can 
obtained  with  rough  or  planed 
Surfaces,     While  the  rough  boards 
id  mullers  are  cheaper  and  eventu- 
ally wear  smoothi  they  are  difficult 
clean -hence  the  planed  boards 
re   to   be  preferred.     There   are 
^ther  kinds  of  bucking  boards  that 
lay  be  obtained;  one  of  these   is 
ircular»  and  still  another  is  suspended  on  trunnions  at  the 
ps;  the  one  shown  m  Fig.  10  is,  however,  the  standard. 
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Buek^B  Mortar. — For  the  purpose  of  pulverising  a 

pimple  of  ore»  without  the  arduous  work  required  for  buck- 

ie»  the  machine  shown  in  Fig.  II  was  invented.    The  mortar 

^s  a  spindle  a  in  the  center  of  the  bowl,  around  which  the 

luller  &  is  rotated.     The  handle  f  is  for  the  purpose  of 

jtating  the  muller  horizontally  around  the  pii^ot,  and  lifiiDg 

It  from  the  mortar.     As  the  muller  weighs  *28  pounds  and  the 

lortar  32  pounds,  there  is  little  saving  in  work,  for  both 

lutt  be  lifted  after  grinding  and  regrinding.     For  grinding 

"a  sample  with  quicksilver  to  amalgamate  the  gold,  or  for  the 
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purpose  of  grinding  amalgam,  Buck's  mortar  will  be  found 
serviceable;  it  cannot,  however,  replace  the  bucking  board 
and  muller  as  a  sample  pulverizer. 


(«) 


!!•  Sieves. — The  cloth  for  fine  screening  is  usually 
woven  brass  wire.  The  opening  between  the  wires  is  called 
a  mesh,  and  the  number  of  meshes  in  a  linear  inch,  designates 
the  number  of  the  screen;  thus,  a  No.  60  screen  is  a  screen 
that  has  60  openings  to  the  inch  or 
3,600  openings  to  the  square  inch. 
There  are  not  always  this  number  of 
holes  in  a  square  inch;  but  the  size  of 
the  holes  is  such  that  there  would  be 
this  number  if  the  wire  could  be  made 
of  sufficiently  small  diameter  to  retain 
economical  strength.  Fig.  12  (a)  sho\^-s 
a  tin  sieve  a  fitted  to  a  pan  b.  This 
arrangement  saves  time  and  labor,  and 
also  catches  fine  pulp^  as  pulverized  ore 
is  called.  Fig.  12  (b)  shows  a  nest  of 
sieves,  with  the  size  marked  on  each 
sieve.  There  is  also  a  cover  a  to  retain 
the  impalpable  pulp,  and  a  pan  b  to  use 
in  connection  with  the  sieves. 

The  price  of  sieves  increases  with 
their  fineness;  for  rough  work  it  is 
customary  to  use  a  wooden-frame  sieve 
with  iron  wire.  After  a  sample  has 
been  sifted,  the  sieve  must  be  turned 
upside  down  and  lightly  whipped  and 
brushed,  in  order  to  remove  ore  or  gold  scales — otherwise 
the  following:  sample  may  become  salted.  The  ore  sample 
from  which  the  assay  sample  is  taken  is  all  put  through  the 
sieve.  If  metallic  scales  are  left  on  the  sieve  they  are  tested 
with  a  mac^net  to  see  if  they  are  iron,  and  if  not  they  should 
be  collected  and  assayed  separately.  Some  assayers  prefer 
to  cover  the  scales  wnth  fine  ore  and  grind  them  until  they 
pass  through  the   sieve,  rather  than  go  to  the   trouble  of 
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lakingr  a  separate   assay  and  the  necessary  Qalculations. 
He  belter  method,  unless  the  scales  are  silver*  is  lo  assaf 
lem  separately,  and  add  their  value  to  the  assay  value  of 
tie  ot^  that  passed  through  the  screen. 

12«     DlvhltiiK  the'  Pulp. — ^After  the  sample  has  passed 

rough  the  sieve,  it  is  transferred  from  the  pan  lo  a  piece 

oilcloth,  and  thoroughly  mixed  by  drawing  up  first  one 

>nicr  of  the  oilcloth  and  then  another,  in  order  to  roll  the 

"material  over.     After  the  ore  is  miKed,  it  is  spread  out  In  a 

thin  layer  and  small  portions  of  the  pulp  are  taken  with  a 

spatula  from  various   parts  of  the  layer»   as  shown  ai  a> 

rig*  l^f  ^nd  placed  in  a  dish  b.    Other  parts  of  the  pulp  are 


'x 


'^ 
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Een  in  the  same  manner  and  placed  in  another  dish.     The 

asays  are  run  in  duplicate,  one  charge  of  ore  being  taken 

torn  each  dish.     Some  assayers  prefer  to  mix  the  sample^ 

>tir  it  in  a  dish^  and  weigh  the  pulp  for  assay  from  this  dish. 

The  diab  containing  the  pulp  must  not  be  tapped  or  disturbed 

allowed  to  stand  long,  as  there  is  danger  of  the  heavier 

-  of  ore  sinking  through  the  pulp  to  the  bottom  of 

ti  \r    If  the  ore  is  not  immediately  weighed,  the  sample 

must  be  remixed  on  the  oilcloth. 

13,    8p«tiitiifi,— The  steel  simtula  is  a  form  of  knife 
in  the  laboratory  for  mixing  or  sampling  pulverized  ore 
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or  for  handlins:  other  materials  about  the  laboratory.  Fig.  14 
shows  a  common  form  of  spatula.  The  Uade  should  hue 
some  sprinc:  and  at  the  same  time  should  be  stiff  enoai^  m 
that  it  will  not  be  broken  if  used  for  dizzi^Z  material  out  of 
a  bottle  or  for  similar  purposes.  The  laboratory  shonU 
usually  be  provided  with  several  sizes  of  spatulas,  bm 

those  having  a  S-or 

4»inch  blade  foriw 

at  the  balances,  etc^ 

'^  to  those  having  10-  or 

12-inch  blades  for  use  in  misdng  several  pounds  of  matnid 

and  for  sampling  large  pulps,  etc. 

Horn  spatulas  are  frequently  employed  for  removing  pff* 
cipitates  from  beakers,  and  for  similar  purposes  where  sted 
spatulas  would  be  attacked  by  the  acids  in  the  solution. 

14.  Wetfirhlngr  the  Pulp  and  Assay. — ^The  result  of  i 
gold-silver  assay  or  any  analytical  determination  is  depaid- 
ent  on  the  accuracy  with  which  the  ore  to  be  assayed  (terasl 
the  ore  charge)  is  weighed,  and,  more  particularly,  the  tattM 
resulting  from  the  assay.  No  matter  how  well  the  rest  of 
the  work  is  done,  an  error  in  weighing  either  the  charge  or 
the  button  will  render  the  result,  as  a  quantitative  analydit 
worthless,  and  the  assayer's  work  will  be  futile,  as  the 
amounts  to  be  weighed  are  so  small  that  a  very  slight  error 
will  multiply  itself  enormously  when  the  results  are  reduced 
to  the  basis  of  ounces  of  metal  in  a  ton  of  ore.  The  extreme 
delicacy  required  in  assay  balances  and  the  care  required  io 
weighing  will  be  better  realized  when  it  is  understood  dtft 
scales  are  made  so  sensitive  that  they  will  indicate  tH  milli- 
gram, or  .00007715  of  a  troy  grain.  Ores  containing  W 
than  $1  per  ton  in  gold  are  in  some  instances  worked  profit* 
ably,  and  much  smaller  proportions  of  gold  than  this  can  be 
recovered  by  fire-assay  and  accurately  weighed. 

15.  Assay  Ton. — As   ore   is  weighed  by  avoirdupoii 

weight,  and  gold  by  troy  weight,  the  assay-ton  system  htf 
been  devised  to  simplify  matters.  An  avoirdupois  ponoA 
contains  7,000  grains  troy  weight;  hence,  a  ton  of  3|(M 
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>iinds  eontalns  14,000,000  grains  troy  weight*     As  1  troy 
ICC  contains  480  troy  grains,  there  are  therefore  — ^— -^J 

29^166  +  troy  ounces  in  2,000  pounds  avoirdupois.  If  it 
assumed  that  I  mg.  represents  1  ounce  troy^  then,  by 
iug  as  many  milligrams  as  there  are  troy  ounces  in  1  ton 
^tr^upois,  the  assay  •ton  system  is  originated. 

assay  ton,  written  A,  T.,  contains  29466+  mg.,  and 

milligram  is  equivalent  to  1  troy  ounce;  therefore,  if 

assay  button  from  an  assay  ton  of  ore  weighs  5  mg.,  it 

iicates  that  there  are  5  troy  ounces  of  gold  in  an  avoirdu- 

lis  ton.     This  is  expressed  better  by  the  proportion: 

2.000  lb.  av,  :  1  oz.  troy  ^  1  A.T.  troy  :  1  mg. 


16.     If  more  or  less  than  1  A.  T.  of  ore  is  used,  the  con- 

Its  of  the  ore  in  ounces  per  ton  may  be  found  by  dividing 

le  weight  of  the  button,  in  milligrams,  by  the  weight  of 

re  taken,  in  assay  tons.     For  example,  if  2  A*  T*  of  ore  are 

^eti,  the  resulting  button  would  be  twice  as  heavy  as  the 

iiton  from  a  l-A.-T.  charge;  and  its  weight  would,  iherc- 

>rc»  have  to  be  divided  by  2  to  obtain  the  weight  of  the 

ton  from  1  A.  T*,  in  which  each  milligram  represents 

troy  ounce  per  too*     With  a  iV-A.-T.  charge  of  ore,  the 

itton  is  only  one-tenth  as  large  as  the  button  from  1  A.  T.; 

BUtly,  each  milligram  represents  ten  times  as  much 

the  same  weight  in  the  buttun  from  a  full  A.-T.  charge; 

r,  in  otlier  words,  the  weight  of  the  button  from  iV  A.  T. 

ore  multiplied  by  10  is  equal  to  the  weight  of  the  button 

>m  1  A.  T.     The  following  general  rule*  therefore,  may 

adopted  (or  the  calculation  of  the  results  from  the  assay 

any  weight  of  ore; 

TAr  7i*ftgk(&tike  bu((&n  in  miiii£rams  divided  by  (he  weigh i 
fifre  tak^ft  frt  assay  hms  g^itffs  the  number  of  mi tires  per  t&M» 
^If  the  weighing  is  done  with  grain  weights,  the  assay  ton 
lay  be  assumed  to  contain  29J66+  grains,  and  1  grain  of 
jld  or  silver  extracted  will  then  represent  1  ounce  troy  to 
Ion  of  ore*  (For  tables  of  metric  weights  and  assay* 
weights,  see  pages  47  and  48  of  this  Section*} 
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17.  Woljrlits. — For  weighing  assay  pulp,  the  metric 
system  of  weights  has  been  generally  adopted  by  assayers. 
as  it  greatly  simplifies  the  calculations,  all  the  weights  being 
divided  decimally.  The  assayer  should  have  two  sets  of 
weights — one  set  of  metric  weights,  from  20  or  50  g.  tu 
1  mg.,  and  one  set  of  A.-T.  (assay-ton)  weights,  from  4  A.  T. 
to  A.  A.  T.  An  accurate  set  of  metric  weights  as  jusi 
described  costs  from  $9  to  $14.  The  set  usually  inciude-? 
three  riders.  A  set  of  assay-ton  weights  as  described  costs 
about  $(). 

The  metric  weights  come  in  a  box,  and  the  fractions  of  a 
gram  are  made  of  platinum  except  those  below  '2\)  ms- 
which  are  made  of  aluminum.  The  weights  above  the  gran 
are  made  of  brass,  and  are  lacquered  to  prevent  corrosion. 
There  are  spaces  in  the  box  for  each  weight,  and  also  ::: 
the  riders  and  pincers. 

The  weights  should  always  be  handled  with  the  pincers 
supplied  for  this  purpose,  as  the  moisture  of  the  hands  cor- 
rodes them,  and  may  also  appreciably  alter  the  weight  ot 
smaller  weights.  They  should  always  be  returned  to  the 
bi»x  a>  soon  as  the  weigher  is  through  with  them,  both  U" 
livever.T  their  loss  and  to  save  time  and  prevent  errors  :ror; 
the  .»ver'..'okini:  of  sn:aii  weights  that  may  have  been  le:i - 
the  pa::  rr^'r.i  a  previous  weighing. 
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IS,     riilp  l>!il:uico. — The  ra'.ar.ce  :?r  weigbirg  the  p"; 

sho-:.:  h:\v^  :-.  ..^r-^-v  ^-^  s:  :e^<:  2.y»  ^.  :::  each  r^n.  i-: 

weij;:::^    ■■^'■'^    -■    ^'•'-'     ^   c:-nve-:e-:    pulp    r^ia:::;  > 
sh  ^wr.  ir.   :  i..-   -   ■     >'.'... i   .i   rA.ir.ce   CC5I5.   t."^ei~er  \v:th  j 

\v ::'".''■.'. t  i:'...>^  j.^^v-.  ..::-  tr.us  tr.e  »::>t  is  rei''j:cei  s::r.e^'r.:*. 
T  '.V  0  .1  -  »>'  -  '  ■  -  *  ■-  ■ "  "  ■  •  ■  -  ^-  -  ^ "  '^'  -■■  *  "^ "  s  ..';>>  e  s  rr.  2.  k  e   :  r.  e   r-t  st  r- -s* 

used.     The    va:.  ■.    c  --.'--v>    ire   ~a^e    wtih   «    f'-zss  ::?  ot 
handle  for  ccr.ve::-.t:-:e  ::■.  renicvizg. 
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Fis:.  16  shows  a  button  balance  with  rider  attachment,  with 
which  device  all  the  more  delicate  and  hig^her-priced  balances 
are  equipped.  The  **rider"  is  a  small  loop  of  platinum  or 
aluminum  wire,  of  the  shape  shown  in  Fig.  17,  and  of  definite 
weisrht  (usually  1  mg.  for  button  balances  and  10  mg.  and 
12  ms:.  for  less  delicate  analytical  balances).  This  rider  is 
set  astride  the  beam  of  the  balance,  which  is  graduated  like 
the  beam  of  a  steelyard.  The  two  pans  are  brought  nearly 
to  a  balance  by  the  use  of  ordinary  weights,  and  the  rider  is 
then  moved  along  the  beam  until  the  balance  between  the 
two  sides  is  perfect.  Each  division  on  the  beam  of  the  bal- 
ance is  equivalent  to  a  certain  fraction  (usually  tV,  jV,  or  A) 
of  a  milligram.     Thus,  if  each  division  is  one-fiftieth  of  the 

A  length  of  the  beam  from  the  middle  bearing  to  the 
end,  or  pan  bearing,  and  a  1-mg.  rider  is  used,  eadi 
division  that  the  rider  is  distant  from  the  middle 
bearing  is  equivalent  to  a  weight  of  iV  mg.,  or 
.02  mg.  in  the  pan  on  the  same  side;  that  is,  it 
will  balance  that  weight  in  the  pan  on  the  other 
^"'  "  side.  If  a  10-mg.  rider  is  used,  each  division 
represents  58,  or  i,  mg.,  or  .2  mg.  The  weight  thns 
indicated  by  the  rider  should  be  added  to  the  sum  of  the 
weights  in  the  pan  on  the  same  side,  to  obtain  the  weight  of 
the  button  in  the  opposite  pan.  If  the  rider  is  used  on  the 
opposite  side  from  the  weights,  the  amount  indicated  by  the 
rider  must  be  subtracted  from  the  sum  of  the  weights,  in 
order  to  get  the  correct  weight  of  the  charge. 

The  rider  is  moved  back  and  forth  along  the  beam  byi 
hook  on  the  end  of  a  sliding  rod  extending  through  the  side 
of  the  case  of  the  balance.  This  enables  the  assayer  to  do 
the  final  balancing  with  the  case  closed,  so  that  the  balance 
cannot  be  disturbed  by  drafts.  The  rider  is  extremely  con- 
venient, as  it  does  away  with  the  use  of  very  small  weights* 
and  renders  the  accurate  adjustment  of  the  balance  mnd 
more  rapid  and  easy. 

20.    Analytical  Balance. — For  weighing  material  used 
Ja   gravimetric    analysis,   and    for    weighing    precipitates, 
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jQiim  or  porcelain  crucibles »  and  similar  objects,  which 
lire  the  handliD^f  of  material  too  heavy  for  the  button 
ices,  £in  analytical  balance  is  necessary.  This  is  con- 
ic ted  considerably  like  the  balance  illustrated  in  Fig.  15, 
bat  is  provided  with  a  rider  and  should  have  a  capacity  of 
from  100  g.  to  200  g.  in  each  pan  and  be  sensitive  to  a  weight 
^f  from  it  m^.  to  iV  mgu  Such  balances  can  be  obtained  for 
$50  to  $75  each.  In  some  laboratories,  analytical  bal- 
ss  are  used  for  weighing  the  pulp,  while  balances  such  as 
^wn  in  Fiif*  15  without  the  glass  coirer  are  used  for 
jtsbing  out  the  f!uxes. 

Hrections  for  setting  up  are  furnished  with  each  set 
[balances,  and  these  should  be  carefully  observed  ^  as  bal- 
&s  are  very  delicate  instruments  and  are  easily  injured, 
button  balance,  in  particular,  should  be  set  in  a  dry 
lace,  away  from  the  furnace,  so  that  it  will  not  be  affected 
by  the  heat.  Any  sudden  change  of  temperature  is  bad; 
|nd  even  the  shifting  of  the  sunlight,  if  it  strikes  the  bal- 
Ute^  is  suflBcient  to  throw  it  out  of  adjustment.  No  jar 
Hdisturbance  of  any  kind  should  be  permitted,  as  it  not 
By  interferes  with  the  weighing,  but  injures  the  balance, 
ro  <>rdinary  buildings  it  is  difficult  to  secure  a  solid  support, 
for  if  the  table  on  which  the  balance  is  set  rests  directly  on 
t^  floor*  the  vibrations  from  persons  walking  around  the 
^hm  will  be  a  serious  annoyance.  In  such  a  case*  it  is  a 
j^bd  plan  to  set  the  support  for  the  balances  on  wooden 
|»OSU  or  brick  piers,  set  in  the  ground  underneath  the  office 
md  projecting  upwards  through  the  floor  without  touching  it, 
balances  should  always  be  tested  before  using ,  to  see 
they  are  in  perfect  adjustment, 
The  beam  of  a  balance,  while  weighing,  is  supported  on 
b1  or  agate  knife  edges,  and  the  pans  are  also  hung  from 
|fe  edges,  thus  making  the  balance  almost  frictionless* 
len  not  in  use  or  while  charging,  the  beam  is  raised  from 

8i  knife  edges  by  turning  a  knob  projecting  through  the 
HI  of  the  case,  and  the  weight  of  the  pans  is  supported 
m  beneath  by  rests  or  stops,  which  are  worked  either  by 
A  separate  knob  or^  in  most  button  balances,  by  the  same 
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knob  that  releases  the  beam.  These  rests  should  always  be 
raised  while  putting  on  or  taking:  off  weigfht  from  either  pan. 
as  the  knife  edg^es  will  be  dolled  if 
the  weig^ht  is  allowed  to  fall  on  them 
while  charg^ingf. 

To  protect  balances  from  moistnre, 
a  small  beaker,  partly  filled  with 
strong  sulphuric  acid,  may  be  placed 
in  the  case.  The  acid  will  absorb  the 
moisture  from  the  air  in  the  case, 
and  thus  prevent  rusting  of  the 
balance.  A  small  quantity  of 
calcium  chloride,  CaCU,  in  a  glass 
desiccator.  Fig.  18,  placed  inside  the 
balance  case,  will  answer  the  same  purpose  as  the  sulphuric 
acid,  and  will  not  cause  so  much  trouble  if  accidentally  upset 
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METHOD    OF    WEIGHING 

21.  Before  starting  to  weigh,  it  should  always  be  ascer- 
tained whether  the  balances  are  in  perfect  adjustment.  They 
must,  first  of  all,  be  perfectly  level.  Leveling  screws  and 
bubble  tubes  are  provided  for  this  adjustment.  The  scales 
are  then  brought  to  a  perfect  balance  by  means  of  the  adjust- 
ing appliance  on  the  beam  or  by  the  use  of  the  rider.  They 
arc  now  ready  for  weighing. 

When  weighing  with  delicate  balances,  or  with  practically 
any  balance  for  analytical  work,  it  is,  as  a  rule,  best  to  weigh 
vMi  the  *'swing,"  as  it  is  expressed,  rather  than  to  attempt  to 
^•.  ing  the  scale  to  perfect  rest.  For  instance,  if  the  weights 
V.Avo  been  placed  in  one  pan  and  the  load  in  the  other,  the 
s;v,M^v^rts  are  carefully  removed  and  the  pans  allowed  to  swing 
v*>^htly.  The  long  pointer  will  travel  backwards  and  for- 
\x  ,;-\ls  across  the  graduated  scale  between  the  pans.  If  after 
/'x-  !-rst  two  or  three  swings  the  pointer  were  to  travel  sevec 
,•  X  v.s^ns  to  the  left,  six  and  one-half  divisions  to  the  right. 
V  \  ,*  .visions  to  the  left,  five  and  one-half  divisions  to  the  right, 
yvv      thus  dropping   off   a   half  division    (or   other  eqaal 
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ilion  of  a  division)  each  time,  but  swinging  approximately 
ll,  the  pans  would  be  equally  balanced  and  the  weight 
Id  be  read  without  spending  the  time  necessary  to  bring 
beam  to  rest.  The  adjuslrnent  of  the  scales  should  be 
le  in  the  same  way;  that  is,  they  should  be  made  to  swing 
(equal  distances  on  both  sides  of  the  center,  either  when 
pans  are  empty  or  when  they  contain  equal  weights* 
illy,  in  a  good  balance »  pans  will  not  come  to  rest  as 

pidly  as  a  half  division  for  each  swing,  and  hence  it  might 
a  few  minutes  to  bring  them  to  rest  with  the  pointer 
ie  center.     This  method  of  weighing  by  means  of  the 

lection  of  the  needle  to  the  right  and  left  is  both  much 

>re  rapid  and  accurate  than  the  system  of  trying  to  bring 
pans  to  rest,  but  at  the  same  time  the  swing  should 
exceed  a  defection  of  more  than  four  or  five  divisions 


S2,    Charire-— The  weight  of  the  charge  is  usually  fixed, 

so  the  desired  weight  is  put  into  one  pan.     The  pulp 

m  which  the  charge  is  to  be  taken  is  poured  on  a  sheet 

|gla7.ed  paper  or  a  mixing  cloth  (a  sheet  of  rubber  cloth  or 

cloth,  about   10  in*  X  lo  in.)  in  front  of  the  scales,  thor- 

ighly  mixed  by  rolling,  as  described  in  Art.  6#  and  then 

^jrith  a  large  spatula  spread  out  into  a  thin  pile.     The  empty 

le  pan  is  then  taken  out  and  the  pulp  charge  placed  in  it. 

charge  is  taken  from  all  over  the  surface  of  the  pile  of 

I,  a  dip  here  and  a  dip  there,  to  further  insure  an  average 

ipic,  as  explained  in  Art.  7.     When  approximately  the 

|ht  amount  is  in  the  pan,  it  is  replaced  on  the  scales.    Then 

ip  can  be  added  or  removed  as  required  with  a  small  spatula 

itil  the  correct  weijrht  is  obtained.    The  beam  is  held  off  the 

ife  edge  during  charging,  being  let  down  only  to  observe 

balance,  until  very  nearly  the  correct  weight  is  struck.    It 

^y  then  be  let  down;  but  the  pan  rests  are  still  kept  up,  the 

IS  being  released  only  for  observing  the  balance,  and  then 

lediately  stopped  again.     As  soon  as  the  correct  weight 

obtained,  the  beam  is  raised  from  the  knife  edge,  and  the 

removed  and  its  contents  brushed  into  the  crucible  or 
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other  receiving  vessel,  using  a  soft  camers-hair  brush  for 
this  purpose.  If  duplicate  charges  are  being  used,  the  charg:es 
may  be  weighed  separately,  or  the  weights  may  be  removed 
before  emptying  the  loaded  pan,  and  a  charge  put  into  the 
pan  that  contained  the  weights,  to  balance  the  weighed  charc:e. 
The  pulp  should  be  rolled  and  mixed  anew  for  each  charge 
and  taken  from  the  second  dish  mentioned  in  Art.  12  fori 
duplicate  assay.  The  pans  must  always  be  brushed  perfectly 
clean  after  each  weighing,  and  should  be  handled  as  lightly 
as  possible. 

One  objection  to  weighing  by  balancing  charges  is  that 
there  is  danger  of  the  pans  of  the  balance  being  interchanged, 
and,  as  a  rule,  the  pans  are  not  exactly  of  the  same  weight, 
and  hence  should  be  kept  in  their  respective  places.  Most 
chemists  make  it  a  rule  to  do  all  their  weighing  in  one  pan 
and  always  to  use  the  weights  in  the  other.  One  advantage 
of  this  system  is  that  the  small  weights  are  never  in  danger 
of  becoming  mixed  in  with  the  ore,  or  there  is  no  danger  of 
ore  or  pulp  becoming  attached  to  the  pan  in  which  the  weights 
are  used.  When  the  charge  is  always  weighed  in  one  pan, 
a  right-handed  man  will  usually  find  it  most  convenient  to 
place  the  weights  in  the  right-hand  pan. 

23.  Buttons. — The  buttons  are  weighed  in  practically 
the  same  manner  as  the  pulp,  except  that  the  unknown  weight 
(button)  is  put  in  one  pan  and  then  balanced  by  weights  in 
the  other  pan.  When  the  weights  are  always  used  in  one 
pan,  a  right-handed  man  will  find  it  convenient  to  place  the 
weights  in  the  right-hand  pan.  The  final  balance  is  usually 
obtained  by  the  use  of  the  rider.  If  duplicate  buttons  arc 
being  weighed,  the  weight  of  one  may  be  obtained  as 
described,  and  then  the  second  button  substituted  for  the 
weights  in  the  weight  pan,,  and  the  difference  in  the  weights 
of  the  buttons,  if  there  is  any,  balanced  by  the  use  of  the 
rider  (and  the  small  weights,  if  necessary,  although  a  differ- 
ence great  enough  to  require  as  much  as  a  milligram  to 
measure  it  is  altogether  too  large  to  overlook,  except  io 
extremely  high-grade   gold  ores  or  rich  silver  ores).    The 
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»nt  of  the  scale  case  should  be  closed  as  soon  as  the  differ- 
ice  io  weight  comes  within  the  limit  of  the  rider,  and  the 
U  balance  obtained  without  any  interfering  air-currents. 
ic  work  can  be  done  about  as  quickly  by  leaving  the  weights 
i  the  pan  and  substituting  one  button  for  the  other  and  noting 

difference  with  the  rider* 

The  assayer  should  have  a  weight  book  in  which  to  record 

weighings  of   buttons    or    other   materials    obtained   in 

l^aying  or  analytical  workr  and  in  reading  any  given  weight 

i&hould  first  read  the  weight  as  recorded  by  the  weights  in 

pan  of  the  balance  and  the  setting  of  the  rider,  and  then 

lould  read  the  weight  as  recorded  by  the  empty  spaces  in 

weight  box  and  the  rider.    This  will  give  a  check  on  the 

ling  and  will  also  serve  to  check  the  loss  or  oversight  of 

If  small  weight  on  the  scales. 


rURKACES 

24,  The  furnaces  used  in  assaying  vary  in  si^e  and  design 
Ifith  the  number  of  assays  to  be  made  and  the  nature  of  the 

rk  done,  and  also  with  the  kind  of  fuel  used.  They  are 
it  two  general  types:  ivind^  or  crucible^  hit-naces^  in  which 
vessel  containing  the  charge  to  be  melted  is  heated  by 
Irect  contact  with  the  fuel  or  flame,  and  muffle  furnaces^  in 
^hsch  the  heating  is  indirect,  the  vessel  being  placed  in  a 

gclay  muffle  or  oven,  which  is  heated  from  the  outside. 

harcoali  coke,  coal,  gas,  or  gasoline  may  be  used  as  fuel 
illi  either  type. 


25*     Wind  Furnace*— Wind   furnaces  are  used  chiefly 

>r    melting   bullion,  lor  which    purpose  a   higher   heat   is 

scessary   than   can   be   obtained   in   a  mufHe  furnace;  the 

jcibles  used  for  bullion  melting  are,  moreover,  too  large 

enter  the  ordinary  muffle.     Occasionally,  the  wind  furnace 

used  for  making  fusions  of  larger  quantities  of  ore  than 

be  safely  put  into  crucibles  of  a  size  not  too  large  for 

le  muffle  furnace*     The  American  practice,  hovvevert  is  to 

the  muffle  furnace  wherever  possible,  as  it  is  cleaner  and 
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neater,  and  the  work  can  be  more  carefully  watched  and  tbc 
heat  and  air  more  successfully  controlled. 

Fig.  19  shows  the  ordinary  type  of  wind  furnace  for  burn- 
ing solid  fuel  (anthracite,  coke,  or  charcoal).  The  furaace 
is  built  of  red  brick,  with  a  firebrick  lining^  at  least  4  inches 
thick  in  the  fire-chamber,  the  entire  thickness  of  the  walls 

being  usually  from  8  to 
12  inches.  The  walls  are 
bound  together  by  ang^lc 
irons  and  tie-rods,  or,  in 
some  cases,  by  a  complete 
casing  of  sheet  iron.  The 
latter  strengthens  the  fur- 
nace, but  radiates  more  heat 
than  the  bricks.  The  fire- 
pot  is  made  any  size  desired, 
depending  on  the  size  of  the 
establishment,  and  whether 
bullion  is  to  be  melted  in 
large  quantities.  The  gyrate 
bars  are  separate  and 
removable,  their  ends  rest- 
ing on  narrow  iron  ledges 
built  into  the  furnace  walls. 
The  draft  is  regulated  by 
the  iron  door  of  the  ash-pit. 
The  top  of  the  furnace  may 
be  either  flat  or  inclined  as 
shown,  with  a  ledge  in  front 
on  which  to  set  crucibles 
and  molds.  It  is  made  of  a 
cast-iron  plate,  with  the  opening  usually  flush  with  the  sides 
of  the  firebox.  This  opening  is  covered,  while  working,  with 
a  cast-iron  plate  or  lid.  In  large  furnaces,  this  plate  is  some- 
times lined  with  firebrick,  and  slides  back  and  forth  on  rollers. 
The  flue  connects  with  the  firebox  at  the  back,  near  the  top, 
and  is  usually  from  IG  to  20  square  inches  in  area  (4  in. 
X  4  in.,  3  in.  X  6  in.,  or  4  in.  X  5  in.)  for  a  12''  X  12" furnace. 
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ie  HiSLQk  should  be  5  in.  X  6  in.  or  6  in.  X  6  in.  in  the  clear, 
Id  shotild  be  at  least  20  feet  high — the  higher  the  better. 
I  For  crucible  furnaces  intended  for  melting  quite  large 
jes,  the  covers  are  frequently  provided  with  iron  rings, 
re  hoisted  off  and  removed  by  means  of  a  small  tackle 
log  £rom  a  trolley  that  runs  on  a  rail  supported  over 
furnace.  The  same  trolley  may  be  employed  for  hoist- 
|g  the  pots  from  the 

iace*  yr" 

[Small   portable 

icible  furnaces  for 

^saying  are  made  of 

clay  tilei  bound        j^ 

jether  with  a  sheet* 

j?on  casing  or  with 

roughtviron   bands,  \ 

I  When    gasoline  or 

ILS  is  used  to  fire 

icible  furnacesi  a  special  style  of  furnace  is  sometimes 

iployed,  in  which  four  to  eight  crucibles  are  placed  in  a 

lall  chamber  covered  with  a  firebrick  lid*     The  fire  enters 

>m  the  burner  at  ii»  Fig.  20,  passes  aroimd  the  crucibles  h, 

id  out  through  a  small  flue  a     The  crucibles  are  removed 

lilting  off  the  cover  shown  in  dotted  lines  and  handling 

them  with   tongs.    The  shape  of 

the  furnace  inside  permits  the  two 

crucibles  near  the  outlet  c  to  check 

the  ^ame  and  do  better  work  than 

if   the  crucible   compartment  was 

**^  rectangular.    There  is  a  removable 

elf  rf|  on  which  the  hot  crucibles  or  the  cover  may  be  placed 

convenience. 


fit,.  2a 


J  36.     Muffle   Ftirnace, — Muffles  are   made  of  6reclay, 

|ven  the  shape  shown  in  Fig.  21,  and  then  burned  in  a  kilo. 

ic  front  of  the  muffle  opens  into  the  air,  and  a  small  hole 

slit  In  the  rear  permits  a  constant  current  of  fresh  air  to 

iw  through  the  muffle  while  working*     The  heat  of  the 
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loffle  and  the  draft  through  it  may  be  regulated  by  the 
oor  in  front.  Assay  muffles  are  made  in  various  sizes, 
om  7  inches  long  by  Si  inches  wide  to  18  inches  long  by 
inches  wide.  The  12"  X  6''  and  14"  X  8"  sizes  are  the 
>st  commonly  used,  as  they  are  plenty  large  enough  to 
reive  a  double  row  of  10-g.  crucibles — the  size  most  com- 
nly  used  in  assaying.  Muffles  usually  last  only  a  few 
jIcs,  but  are  easily  replaced  when  they  break. 
if  ter  an  ore  charge  has  been  smelted  in  the  crucible  fur- 
e ,  the  button  obtained  is  placed  in  a  cupel  and  melted  in 
muffle  furnace,  thus  necessitating  the  use  of  two  fur- 
es.  Fig.  22  shows  the  construction  of  a  brick  muffle 
ciace  built  for  three  muffles  and  to  burn  bituminous  coal. 
e  construction  of  muffle  furnaces  varies  somewhat  with 
J  nature  of  the  fuel  used.  Furnaces  for  burning  long- 
tfiing,  bituminous  coal  have  the  muffle  a  12  to  18  inches 
)Ove  the  grate  bars  dy  and  use  a  comparatively  thin  bed  of 
xel,  depending  on  the  flame  to  heat  the  muffle.  The  fire- 
iooT  c  is  on  the  level  of  the  grate  b.  In  furnaces  for  burn- 
ing coke,  charcoal,  or  anthracite,  on  the  other  hand,  the 
muffle  is  set  within  6  or  8  inches  of  the  grate,  and  the  fuel 
is  packed  in  around  the  muffle.  These  fuels  are  all  short 
flaming,  and  their  heat,  though  intense,  is  only  local,  and 
^11  scarcely  raise  a  glow  in  a  muffle  placed  a  few  inches 
8bove  the  fire-bed — hence  the  necessity  of  surrounding  the 
oiuffle  with  fuel.  The  fire-door  in  furnaces  of  this  type  is 
Placed  some  distance  above  the  muffle,  and  a  narrow  hori- 
*<^ntal  slit  is  made  in  the  furnace  on  the  level  of  the  grate 
"^rs  for  stirring  the  fire  and  cleaning  the  grate.  Stationary 
Muffle  furnaces  are  usually  built  of  red  brick,  lined  with  one 
bourse  of  firebrick.  The  walls  are  firmly  braced  with  buck- 
^tays  and  tie-rods. 

The  sheet-iron  pipe  shown  in  Fig.  22  is  for  the  purpose 
of  drawing  off  any  fumes  that  tend  to  escape  from  the  front 
of  the  muffle  and  conducting  them  to  the  chimney. 

27.  In  Fig.  23  is  shown  a  two-muffle  furnace  that  has 
n?en  satisfaction  in  the  West.     The  muffles  are  shown  at  a. 
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Fig.  23 


Fig.  24 
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28.  Portable  Muffle  Furnaces. — Portable  muffle  fu: 
naces  are  made  in  all  sizes,  and  are  designed  for  burning  coke 
charcoal,  or  anthracite.  Fig.  24  shows  one  built  of  burned  nre 
clay  and  bound  with  wrought-iron  straps.  The  muffles  a  oi 
these  furnaces  are  made  large  enough  to  receive  several  cruci- 
bles. The  fire-door  d  is  above  the  muffle,  while  the  dran 
holes  c  are  below.  The  fire  is  stirred  by  pokers  thrust  through 
the  draft  holes,  the  ashes  being  removed  through  the  doorj. 

Where  portable  muffle  furnaces  are  used,  they  are  made 
to  do  double  service;  that  is,  smelting  and  cupeling. 

29.  Combination,  Furnaces. — Fig.  25  shows  a  com- 
bination crucible  and  muffle  furnace  for  coal,  charcoal,  o: 
coke.  It  is  made  of  thick  sheet  iron,  lined  with  firebrick, 
the  lining  being  about  2i  inches  thick.  The  doors  are  of 
wrought  iron  for  the  muffle  compartment,  which  is  below  the 
crucible  compartment.  The  top  of  the  furnace  is  fitted  with 
a  cast-iron  frame  with  two  flat  cast-iron  covers,  lined  with 
asbestos.  The  covers  slide  to  the  right  from  the  center  on 
rails.  The  crucible  part  of  the  furnace  is  17  inches  square. 
In  the  figure,  crucibles  are  seen  in  the  muffle  instead  or 
cupels,  the  inference  being  that  this  furnace  can  smelt  in  the 
muffle  as  well  as  cupel.  The  muffle  is  15  in.  X  9  in.  X  5iin. 
in  dimensions.  The  price  of  the  furnace  described  is  ^' 
but  a  smaller  one,  having  a  crucible  compartment  12  inches 
square  inside  the  lining,  and  taking  muffles  6  in.  X 12  in.  X 4  in.. 
can  be  had  for  $30. 

30.  Gasoline  Combination  Furnaces. — When  the 
number  of  assays  are  few,  the  gasoline  or  the  oil  furnace,  con- 
structed with  crucible  and  muffle  compartments,  finds  favor. 
Such  furnaces  are  ready  for  use  in  a  short  time  after  firin?. 
as  the  walls  do  not  require  long  heating  before  they  assuir.e 
the  proper  temperature  for  assaying.  With  such  a  furnace 
as  that  illustrated  in  Fig.  26,  both  cupeling  and  melting  can 
be  carried  on  at  the  same  time,  thus  permitting  a  number 
of  charges  to  be  melted  during  the  day. 

The  peculiar  construction  of  the  crucible  compartment  «r 
and  of  the  combustion  chamber  about  the  muffle  d,  is  such 
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lat'the  flame  is  so  distributed  that  the  mufHe  becomes  hot 
11  over  in  a  short  time  after  the  bottom  is  heated.  The 
ime  from  the  burner  enters  the  crucible  compartment  at  ^» 
ad  passes  around  the  crucibles,  then  around  the  muffle,  and 
lally  leaves  through  the  sheet-iron  flues  shown  above  and 
the  rear  of  the  muffle. 
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31.  Ons  aiid  Gasoliae  Burners. — Assay  furnaces  that 
ise  gas,  gasoline,  or  oil  for  heat  must  be  provided  with 
proper  burners.  The  gas  burner  requires  a  blower  d  to 
imish  air  for  the  combustion  of  the  gas  as  it  leaves  the  gas 
5l.  The  usual  source  of  power  for  the  blower  is  electricity; 
It  the  blower  may  be  belted  to  steam  power  or  to  a  small  gas 
igine*  The  air  enters  the  burner  e  from  the  pipe  f,  while 
bo  gas  enters  from  the  pipe,*?'.  The  proper  quaotities  of  air 
ad  gas  for  combustion  are  regulated  by  the  valves  k  and  t\ 
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Gasoline  burners  require  that  gasoline  be  vaporized  and 
forced  from  a  small  jet  orifice  by  air  or  steam.  For  perfect 
combustion  there  must  be  a  regulation  of  air  and  vapor,  and 
this  is  accomplished  in  various  ways.  The  valve  for  control- 
ling the  vapor  is  delicate,  being  not  much  longer  than  a 
needle,  and  is  almost  as  sharp  pointed. 

Gasoline  burners  require  a  tank  for  the  liquid,  a  pressure 
jjauge  and  air  pump  attached  to  the  tank,  together  with  suita- 


Fig.  27 

ble  valves  and  fitting^s  for  coupling  to  the  tank.     Gasoline  or 
naphthaline  for  such  burners  should  have  a  gravity  of  72°, 

P>aume  scale. 

32.  oil  Humors. — When  crude  petroleum,  refined 
petroleum,  or  petroleum  distillates  ranging  from  30°  to  60° 
Hauine  are  used  for  fuel,  special  burners  and  arrangements 
are   required  to  vaporize    the    oils.     Fig.   27   shows  an  oH 


ASSAYING 


31 


set  tip  ready  for  use  in  assaying.     Vaporised  oil  does 

produce  the  quick,  intense  heat  of  gasoline;  nevertheless, 

paving  in  cost  of  fuel  offsets  the  slight  di Terence  in  the 

of  heating  the  crucibles;  hence,  oil  burners  are  to  be 

iimended  in  places  other  than  those  where  it  is  diflS- 

I  to  obtain  gasoline  at  a  reasonable  price.     To  use  the 

ratus,  water  is  placed  in  the  tank  a,  and  oil  in  the  tank  ^. 

tessure  of  air  is  maintained  on  top  of  the  water  and  oil 


i^ 


^^:^«-^ 


Flo.  2S 

le  air  pump  r,  and  the  pressure  is  equalized  in  the  two 
by  the  connecting  pipe  d.    The  air  pressure  forces  the 

irough  the  pipe  r,  and  the  water  through  the  pipe  f,  to 

ajector^f.     Both  the  air  and  the  water  are  forced  into  a 

by  issuing  from  the  needle  valves  A,     This  spray  is 

pled  by  a  nozzle  through  a  hole  in  the  furnace  from,  and 
entering  this  hole  entrains  sufficient  air  for  combustion 
valves  are  properly  regulated, 

enlarged  crti<le-oll  burner  is  shown  in  Fig.  28.     The 
enters  the  tuyere  or  furnace  face  a  through  the  pipe  6, 
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and  flows  throagh  the  pipe  c  to  the  needle  valve  d*   The 
water  is  heated  in  the  furnace  face  by  the  reflectioa  from  the 
beat  in  the  furnace,  and  issues  from  the  nocde  <,  where  it  is 
immediately  converted    into    steam.    The  oil   enters  the 
burner  through  the  pipe  /,  and  is  atomised  tqr  the  needk 
valve  g.    The  mixture  of  atomised  oil  and  steam  is  forced 
from  the  nozzle  of  the  burner,  and  injected  through  the  tojtoe 
hole  into  the  furnace.    Sufficient  air  for  combnstioa  is  drawn 
into  the  furnace  by  the  flame  entering.    The  oil  does  not 
bum  inside  the  injector,  so  that  the  burner  does  not  dog 
with  soot.    Two  10-gallon  tanks  are  loaded  with  oil  tod 
water  to  a  combined  height  that  willfomish  about  5  gallons 
of  air  space.    As  the  consumption  of  oil  is  about  twenty 
times  as  great  as  that  of  water,  it  is  customary  to  charge  the 
oil  tank  more  heavily  than  the  water  tank.    When  air  is 
pumped  to  a  pressure  of  26  pounds  to  the  square  inch,  it 
will  remain  at  a  pressure  high  enough  to  atomise  the  fiqnids 
for  about  1   hour,  after  which  more  air  must  be  added. 
There  is  not  much  loss  of  air  from  good  tanks  and  ooo- 
'  nections,  but  the  expansion  dne  to 

the   atomizing   operation  decreases 

the  pressure. 
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33.    Crucibles. — For  fire-assay 
work,  the  French  clay,  the  Battersea, 
or  English,  the  Hessian,  or  Germafli 
and  the  American,  or  fireclay,  crnd- 
^'®-  ^  bles  are  used.    The  foreign  crudbks 

are  made  usually  triangular  in  shape  at  the  top  or  with  lipsicff 
pouring;  the  American  crucibles  are  made  as  shown  in  Fig. 99. 
The  sizes,  capacities,  number,  and  weight  are  given  in  Table  I. 
The  size  known  as  the  10-g.  crucible  will  take  the  ore  jm^ 
and  fluxes  for  a  i  A.  T.;  while  the  20-g.  crucible  is  sufficiently 
large  for  making  a  gold-silver  assay  when  1  A.  T.  of  pulp  is 
used.  The  crucibles  are  low,  and  broad  at  the  base,  and  to 
muflie  work  are  safer  and  more  convenient  than  the  nanof 
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base  form  known  as  the  French  shape.  The  narrow-base 
crucibles  are  better  for  furnace  work,  where  the  crucible  must 
be  thrust  into  the  hot  coal,  as  on  sudden  heating:  the  broad 
base  of  the  American-shaped  crucible  is  liable  to  crack.  Care 
must  be  taken  with  either  shape,  and  they  should  be  heated 
before  being  thrust  into  hot  coals.  Fireclay  crucibles  are 
strong,  smooth,  and  pour  cleanly. 

34.  Hessian  Crucibles. — Hessian,  or  German,  crucibles 
are  said  to  be  made  of  three  parts  of  clay  and  one  part  of 
sand.  They  can  be  obtained  in  this  country,  but  on  account 
of  their  small  base,  which  renders  them  liable  to  upset,  they 

TABLE  I 
CRUCIBLE    DATA 


Capacity 

Height 

Diameter 

Quantity 

Weight  per 
Barrel 

Grams 

Inches 

Inches 

in  a  Barrel 

Pounds 

5 

2t 

2| 

900 

300 

lO 

3 

2| 

630 

275 

12 

3i 

2f 

550 

270 

15 

3i 

2i 

500 

280 

20 

35 

3 

400 

290 

30 

4i 

3i 

280 

295 

30 

3l 

3i 

280 

295 

40 

sf 

3i 

200 

255 

are  not  adapted  to  muffle  furnaces.  Another  objectionable 
feature  is  that  the  crucibles  are  rough  and  do  not  pour 
cleanly. 

35.  Graphite,  or  Plumbago,  Crucibles. — Graphite, 
or  plumbago,  crucibles  are  made  of  from  one  to  seven  parts 
of  refractory  clay,  and  from  three  to  ten  parts  of  graphite, 
with  possibly  a  little  sand.  If  the  crucibles  contain  much 
silicious  matter  they  are  likely  to  be  acted  on  by  the  slag  of 
the  fusion  and  be  destroyed. 


TABLE  n 

DATA    ON    GRAPHITE    CRUCIBUES 


Number 

Holding  Capacity 
Liquid  Measure 

Height 
Outside 

Diameter 

at  the  Top 

Ontslde 

Diameter 
at  the 
Bilee 

Onttide 

mamtfa 

■tllK 

Bollom 
Outside 

Gal.     Qt.     Pt. 

Inches 

Inches 

Inches 

Inches 

O 

2 

li 

If 

.1 

oo 

2} 

ij 

it 

li 

ooo 

2i 

•i 

2i 

li 

oooo 

3 

2* 

*i 

1} 

I 

3f 

3i 

3 

2} 

2 

4i 

3? 

3l 

2} 

3 

5i 

4i 

4i 

3 

4 

5f 

4* 

4i 

3\ 

5 

li 

6 

4* 

4l 

3i 

6 

I 

64 

si 

si 

3i 

7 

I         i 

oi 

si 

si 

4 

8 

I         i 

7i 

sl 

si 

4i 

9 

I       i 

7t 

6 

6i 

4i 

lO 

I      I 

8 

6 

6i 

4i 

12 

2 

8 

6i 

6} 

5 

14 

2      I 

8i 

6! 

7i 

5i 

i6 

2      I 

8} 

7 

7i 

5l 

i8 

3     I 

9? 

7f 

8 

5i 

20 

I 

loi 

7} 

8i 

6 

25 

I            I 

loi 

8 

8f 

6i 

30 

I      I      I 

II 

8S 

9i 

6{ 

35 

I      2      I 

iiS 

9i 

9i 

7 

40 

2 

I2« 

9i 

loi 

7i 

45 

2      I 

13 

9} 

loj 

tJ 

50 

2      3 

13* 

loi 

iii 

■I 

(X) 

3 

M 

loi 

I  If 

8 

70 

3      I 

I4i 

loj 

12 

Si 

So 

3      2      I 

I5i 

Hi 

12I 

8i 

Ot> 

4 

•5i 

ui 

12i 

9 

ux> 

4      2      I 

16 

nf 

I3i 

9} 

<'5 

4      3     I 

i6f 

I2i 

i3f 

9i 

»\x^ 

6         3 

18} 

I3i 

I4f 

lol 

^''i 

7         3        I 

I9i 

I4i 

isi 

loJ 

K\^ 

9        3        I 

2oi 

15 

l6l 

u{ 

.',»\ 

10         I        I 

20} 

isi 

•l6f 

.2i 

*AV* 

10        3 

2oi 

isi 

17 

ui 

*^\ 

M          3 

22f 

15 

i6f 

IH 

^•v^ 

12         2 

22 

M 

«7i 

I2i 
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Graphite  crucibles  are  not  used  for  assaying,  but  for  melt- 
ing bullion,  an  operation  that  frequently  the  assayer  is  called 
on  to  perform.  In  Table  II  are  given  the  sizes  of  graphite 
crucibles. 

36.  Platinum  Crucibles. — Platinum  crucibles  are 
sometimes  used  in  gravimetric  assays  by  fusing  in  them 
ores,  slags,  and  furnace  products  with  carbonate  of  soda. 
Platinum  crucibles  are  sold  by  the  gram,  and  are  expensive 
although  durable  dishes.  They  weigh  with  their  covers  as 
many  grams  as  they  hold  cubic  centimeters.  The  crucibles 
may  be  cleaned  by  heating  them  in  a  little  nitric  acid  and 
scouring  them  afterwards  with  iron  oxide.  Platinum  cruci- 
bles should  never  be  handled  roughly,  and  should  be  cleaned 
as  soon  as  possible  after  use.  Lead,  zinc,  tin,  nickel,  copper, 
and  silver  will  alloy  with  platinum,  and  should  not  be  fused 
in  platinum  crucibles.  Caustic  soda,  caustic  potash,  or  potas- 
sium cyanide  should  not  be  fused  in  platinum  crucibles,  as 
they  make  the  platinum  brittle. 

37.  Silver  Crucibles. — Silver  crucibles  are  sometimes 
used  where  caustic  soda  and  caustic  potash  are  the  flux 
since  these  fluxes  slag  the  silica  in  porcelain  crucibles.  The 
crucibles  with  a  gold  lining  are  preferable  and  the  heat  should 
be  raised  gradually  to  prevent  the  silver  melting.  To  ascer- 
tain the  percentage  of  gold  extracted  by  a  cyanide  solution, 
dishes  made  of  silver  foil  are  used.  These  are  called  boats. 
Alcohol  lamps  or  sand  baths  are  to  be  used  for  heating 
silver  crucibles,  for  any  sulphur  products  from  gas  or  oil 
will  corrode  them,  and 
nearly  all  gas  and  petro- 
leum contain  sulphur  in 
small  quantities,  which 
forms  a  sulphur  gas  when 
ifi:nited. 

38.  Porcelain  Cru- 
cibles.— Porcelain  cruci-  ^'®-  ^ 
bles  are  used  for  parting  the  gold-silver  beads  after  inquarta- 
tion,  and  in  annealing  the  gold  obtained  from  an  assay  after 
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ziiviartarica  and  before  die  final  weighinfi:.  They  are  also 
z:ittii  ::r  :ne  jjTiicica  ot  precipitates  that  cannot  be  made  in  a 
z'.j.rr.-'rr.  :r  iilver  .racibie.  A  porcelain  crucible,  with  a  per- 
ririii-.i  jcrer  inii  stem  for  the  escape  of  gas,  is  shown  in 

Fig.  30.  Such  crucibles,  termed 

Rose   crucibles,   are  used 

when  it    is  desired  to  ignite 

precipitates  in  an  atmosphere 

of  hydrogen  or  sulphureted 

hydrogen.     A    substitute  for 

Rose's  crucible  is  a  porcelain 

^''^  ^  crucible  with  an  ordinary  clay 

p:pe  ::r  c-rver.     Silica  should  not  be  fused  with  caustic  soda 

or  pot^ih  :-  porcelain  crucibles. 

39,  Scorlflers. — The  usual  form  of  a  scorifier  is  shown 
in  F:^.  ol.  The<e  are  made  of  good  fireclay,  thoroughly 
mixed  ar.c  b'-imed.  and  come  in  the  sizes,  weights,  and 
prices  'Quoted  in  Table  III. 

TABLE  ni 

DATA    ON    SCORIFIERS 


;,     N'jniber  in 
the  Barrel 

2,400 
2,000 
1 ,900 
1 ,400 


Weight  Outside      x-       *.      •    *    Weight 

per  Barrel  Diameter  '  ^"°l?®''  *?  1  per  Barrel 

*  i^       J  I     u        '  ^^^  Barrel    *^-^     ^ 

Pounds  Inches                                Poanos 


MS 

317 
303 


S'  orifiers  are  used  to  make  assays  of  rich  ore.  Those  most 
^oininoDly  used  are  from  2}  to  2?  inches  in  outside  diameter. 
SiK  h  sizes  will  take  Mf  A.  T.  with  the  necessary  fluxes.  For 
the  i)ini)(;se  of  putting  the  scorifiers  in  the  muffle,  the  special 
touj^'s  shown  in  Fig.  35  are  needed. 

iO.  Koastinj?  Dishes. — Roasting  dishes  are  saucers 
molded    from    fireclay    and    kiln    burned.      They   range  io 
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from  2  to  7  inches   in   outside   diameter.     While  not 
lUpensable,  they  are  very  convenient  for  roastinir  sulphide 
I,  or  for  drying  or  calcining  ores  or  other  materials. 


tl»     Cupels,— Cii|i€*Uatlon  is  the  process  of  oxidizing 
Be  metal  St  and  separating^  them 
I  the  non-oxidizable  metals  gold 
jlver.   Cupels  made  of  bone  ash 
isess  a  porosity  that  permits  the 
idbed  base  tnetals  to  sink  into  them, 
^le  the  gold  and  silver  rem<iin  in 
CQpel  bowls.     Fig,  32  shows  the 
tost  common  form  of  the  bone-ash  ^^^-  *^ 

^els  used  in  separating  the  gold  and  silver  from  the  lead 
Uans>    These  cupels  may  be  purchased  ready  made,  but 
jst  assay ers  prefer  to  buy  the  bone  ash  in  bulk  and  make 
lir  own  cupels.    The  home*made  cupels  are  much  cheaper, 
and  if  well  made  and  dried,  are  fully  as  service- 
B^^B        able  as    the  purchased  articles.     All   the  tools 
^  I  ^1        required  are  a  brass  or  iron  mold  and  pestle 
I  ^M        (shown  in  Fig.  33)  and  a  wooden  mallet. 
I  ^M  A  pound  or  so  of  bone  ash  is  thoroughly  mixed 

I  ^M  with  just  enough  water  to  dampen  it,  so  that 
^jt^^L  when  squeezed  in  the  hand  it  will  stick  together 
l^g^^^B  and  show  distinctly  the  impression  of  the  fingers. 
PV^^H  It  must  noti  however,  contain  enough  water  to 
^^^^P  ^cel  wet  and  dampen  the  fingers;  the  proper  con- 
si  stency  is  difficult  to  describe »  but  it  is  soon 
learned.  The  cupels  will  be  stronger  and  less 
liable  to  crack  in  drying  if  a  strong  solution  of 
carbonate  of  soda  or  potassium  (sal  soda  or 
pearlash)  is  used  for  moistening  the  bone  ash 
instead  of  water  alone.  The  moistened  bone  ash 
lifted  th rough  an  ordinary  flour  sieve  to  break  up  all 
nps.  To  make  the  cupel,  the  cupel  ring  is  placed  on  a 
imooih  block  of  wood  and  fiHed  level  full  with  the  moistened 
ae  u^h  put  in  loosely:  the  pestle  or  plunger  is  then  inserted 
struck  four  or  5ve  moderate  blows  with  the  mallet. 
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compressing  the  ash  into  the  form  of  the  cupel.  To  remove 
the  cupel  from  the  mold,  the  mold  is  inverted;  then  with  a 
gentle  upward  pressure  the  plunger  is  turned  so  as  to  free  it 
from  the  cupel,  and  the  cupel  is  gently  but  steadily  forced  out. 

The  moist  cupels  are  set  aside  and  allowed  to  dry  out 
slowly.  If  it  is  absolutely  necessary  to  use  them  at  once, 
they  may  be  dried  out  and  made  reasonably  safe  by  setting 
them  on  top  of  the  furnace  for  several  hours  while  running; 
but,  if  possible,  they  should  be  allowed  to  stand  several 
weeks  before  using.  The  British  mint  keeps  the  cupels 
2  years  before  using  them. 

The  texture  of  the  cupel  is  very  important.  If  it  is  too 
porous,  it  will  absorb  some  silver,  and  the  results  of  the 
assay  will  be  too  low;  if  too  dense,  it  will  crack  or  "check" 
in  the  muffle  when  it  becomes  saturated  with  litharge.  The 
density  depends  on  the  fineness  of  the  bone  ash,  the  amount 
of  water  used  in  mixing,  and  the  amount  of  compression. 
The  finer  the  bone  ash,  the  more  dense  the  cupel;  and  the 
damper  the  ash,  the  greater  will  be  the  compression  from  the 
same  power  on  the  plunger.  The  cupels  should  be  made  of 
a  medium  grade  of  bone  ash,  or  the  mold  may  be  filled  about 
two-thirds  full  with  coarse  ash  and  the  remainder  with  fine. 
A  cupel  made  in  the  latter  way  will  absorb  a  great  deal  of 
litharg^e  and  very  little  silver.  If  about  one  part  of  common 
flour  to  ten  of  bone  ash  is  thoroughly  mixed  with  the  bone 
ash  before  moistening,  the  cupels  may  be  compressed  rather 
harder  than  when  bone  ash  is  used  alone;  then,  when  placed 
in  the  muffle,  the  flour  will  burn  out,  leaving  the  cupel  quite 
porous  and  in  good  condition  for  absorbing  litharge. 

The  shape  of  cupels  is  important.  That  shown  in  Fig.  32 
is  the  most  common,  because  it  is  readily  removed  from  the 
mold  and  is  easily  handled  in  the  muffle  without  risk  of  tip- 
ping:. The  mold  is  sometimes  made  so  that  the  cupel  is  a 
trifle  wider  at  the  base  than  at  the  top;  this  makes  it  easier 
to  remove  from  the  mold,  but  the  cupel  must  then  be  more 
carefully  handled  in  the  muffle,  as  the  tongs  grip  the  sloping 
sides  of  the  cupel  along  their  lower  edge,  and  if  the  point  of 
contact  happens  to  come  below  the  center  of  gravity  of  the 
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;ie],  the  latter  will  be  likely  to  turn  npside  down  and  lose 
le  button.     The  bowl  of  the  cupel  should  be  large  enough 

hold  the  melted  lead  button  without  overtlowingt  iind  the 
ipel  should  weigh  when  dry  approKimately  at  least  as  much 

the  lead  button  to  be  cupeled  in  k.     The  usual  diameter 

ll  inches.     If  a  button  is  too  large  to  be  absorbed  by  one 

a|>elp  it  may  be  cupeled  in  two  portions;  or,  if  the  bowl  of 

le  cupel  is  large  enough  to  hold  the  lead,  the  button  may 

)e   put  in  one  cupel,  and  this  set  on  a  second »  the  latter 

ging  upside  down  in  the  muffie.     As  soon  as  the  upper  cupel 

fuiturated  with  litharge*  the  excess  will  be  absorbed  by  tlie 
nder  cupeh 

42-     Poreelain   Ciipeiil^i^.^ — Small    porcelain  crucibles, 
"or  capsules,  are  used  in  parting  the  gold  and  silver.     The 
irting  may  be  done,  if  desired,  in  test  tubes  or  small  parting 

sks,  and  the  gold  afterwards  annealed  in  small,  porous, 

ly  anfuaiiftg  cups.     The  use  of  porcelain  capsules  is  prefer* 

^,  however,  as  they  can  also  be  used  for  annealing;  the 

td  gold  is  washed  in  the  capsule  by  filling  it  with  water 

id  decanting  (pouring  off)  the   washings^  repeating  sev- 

ral  times;  the  gold  is  then  annealed  in  the  muffle  or  over 

ae  blast  lamp  w^ithout  removing  it  from  the  capsule.     The 

^rcelain  capsules  are,  moreover,  much  stronger  and  more 

trable  than  the  annealing  cupSj  and  no  more  expensive. 


FUttKACK    TOOLS 

43,  Flrtu«  Tools. — Firing   tools^ — poker,  shovel,  and 
raper — ^are,  of  course,  necessary  in  connection  wHth  assay 

imaces  using  solid  fueL 

44,  Crucible    Ton^s.— When    a    crucible    furnace    is 
seel,  a  pair  of  crucible  longs  is  necessary  for  lifting  the 

bibles*     These  are  of  various  designs.     Fig*  34  la)  shows 
be  double-bent  and  id)  the  single-bent  crucible  tongs  com- 
monly used   for  handling  medium-sized  melting   crucibles. 
tie»e  tongs  are  made  of  wrought  iron  and  are  from  30  to 
indaes  long. 
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A  pair  of  small  crucible  tongs,  Fig.  34  (f),  is  used  for 
handling  small  porcelain  crucibles,  for  removing  nails  from 
assay  crucibles,  and  for  handling  annealing  cups.     These 


tongs  are  about  8  inches  long,  and  are  platinum-tipped, which 
makes  them  expensive,  their  price  being  approximately  $o. 

45.  8corlfler  Tous^s. — Fig.  35  {a)  shows  the  common 
form  of  tongs  used  for  handling  the  scorifiers  and  the  small 
crucibles  used  in  muffle  work.  These  tongs  are  made  of 
steel,  or  of  wrought  iron  with  a  steel  spring,  and  are  from 
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27  to  36  inches  in  length.  They  are  large  enough  to  handle 
20-g.  crucibles,  the  largest  size  used  in  muffle  work,  and  are 
much  handier  for  that  purpose  than  crucible  tongs.  Fig.35(M 
shows  a  pair  of  scorifier  tongs  that  grasp  the  dish  on  the 
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?per  rim.     They  are  noi  as  sure  nor  as  readily  applied  as 
^e  tongs  in  Fig*  35  (a),  and  cannot  be  used  for  crucibles 
fth   safety,  although  shown  attached  to  the  outline  of  a 
icible. 

46,     Cnpel  Tonics  *^Fig,  36  shows  the  ordinary  form  of 
ipel  tongs  for  handling   the   bone-ash  cupels*      Like  the 


Fig,  m 

^corifier  tongs,  they  are  made  entirely  of  steel.      A  steel 
fuide,  fixed  in  the  middle  of  one  leg  and  passing  through  a 
^ole  in  the  other,  serves  to  keep  thera  in  line,     Scorifier 
>iigs  are  also  frequently  fitted  with  similar  guides.     Cupel 
rngs  are  made,  as  shown,  with  a  bend  at  the  end^  so  that 
cupels  at  the  back  of  the  muffle  can 
be  removed  without  disturbing  those 
in  front* 

47.  Molds. — Molds  made  of  cast 
iron  are  used  to  receive  the  melted 
contents  or  sconfiers  and  cnicibles* 
Their  use  hastens  the  cooling  of  the 
charge  and  leaves  the  crucibles  in  iiuch 
a  condition — when  the  fusion  has  been 


'^1^ 

10^  w^ 
W^^ 
©®® 
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perfect  and  the  pour  clean— that  they  can  be  used  again 
desired.  Scorifiers,  however,  should  never  be  used  for 
acre  than  one  fusion,  as  the  scorification  usually  corrodes 
vessel  so  much  as  to  render  it  unsafe  for  use  a  second 
fme* 
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In  custom  assay  offices,  new  crucibles  should  be  used  for 
each  charge,  and  only  in  mine  assay  offices,  where  the  same 
kind  of  ore  is  assayed,  can  old  crucibles  be  used.  Umpire 
assays  and  check-assays  cannot  safely  be  run  in  old  crucibles, 
no  matter  how  clean  the  pour  may  be. 

Fig.  37  shows  a  12-hole  mold  for  ordinary  work  with  scori- 
fiers  and  10-g.  crucibles.  For  larger  crucibles,  a  mold  with 
deeper  holes  must  be  used.     Fig.  38   shows  one  form  of 

crucible  mold. 
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48.     Cupel   Board.— An 

almost  indispensable  part  of  the 
assay er's  outfit  is  the  cupel 
board,  or  hot  board,  on  which  hot  cupels  are  set  as  they  are 
withdrawn  from  the  furnace.  It  is  merely  a  piece  of  1-inch 
board,  about  10  inches  wide,  with  a  handle  at  one  end,  as 
shown  in  Fig.  39,  and  with  a  rectangular  piece  of  i-inch  sheet 
iron,  about  10  in.  X  12  in.,  screwed  to  the  upper  side.  It  is  a 
good  plan  to  cut  a  number  of  small,  radiating  grooves  in  the 
board  under  the  plate,  to  allow  the  escape  of  the  gas  that 
forms  at  first,  before  the  wood  has  become  charred,  when  the 
iron  plate  becomes  heated  from  the  red-hot  cupels.    The  gas 


Fig.  40 

will  usually  escape  without  this  precaution,  but  occasionally  it 
accumulates  between  the  board  and  the  plate  and  explodes. 
The  explosion  is  not  violent  enough  to  injure  the  board,  but 
it  will  upset  and  mix  the  cupels,  making  it  necessary  to  repeat 
a  number  of  assays.  Fig.  40  shows  a  cast-iron  tray  for  cupels. 
C'upels  are  numbered  and  placed  on- the  trays  according  to 
their  numerical  order.  The  trays  are  sometimes  marked 
with  chalk  to  indicate  the  position  that  the  cupel  is  to  occupy. 
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49  •    Ha  turner. — A  hammer  is  necessary  for  beating  out* 

buttons,  to  free  them  from  slag  and  get  them  into  con- 

ieot  shape  for  ciipellation*    A  2'pound  machinist's  hammer 

a  square  face  is  of  a  conyenieut  size  and  shape  for  this 

rpose* 

Button   Tongs p— "A   pair  of  spring   button   tongs, 

41,  is  necessary  for 
adliog  the  button  while 
lUng  it  out. 

*o  remove   the  gold- 

Iver  bead  trom  the  cupel»  a  pair  of  pliers  is  used,  as  shown 

Fig.  42.     These  will  crack  any  slag  or  bone  aah  adhering 

jto  the  head  and  permit  it  to  be  brushed  off  by  the  bead 

ish  shown  in  Fig»  43,  before  weighing. 

^ig*  44  shows  one  side  of  an  assay  laboratory  that  is  an 

fuDct  to  a  chemical  laboratory;     The  fioor  is  cement  and 

side  walls  are  covered  with  sheet  metal  wherever  there 

Sanger  from  fire.     The  pulp  weighing  room  is  to  the  left 

ihe  partition  against  which  the  shelves  carrying  dishes  is 

>wn.     The  operator  shows  the  proper  position  for  holding 

^  nanller  when  bucking  samples.    To  the  right  of  the  bucking 
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rd  is  a  pan  for  catching  the  rock  coming  from  the  hand- 
rer  crusher.  As  each  sample  is  crushed  it  is  turned  on  the 
eking  board,  but  previous  to  bucking  the  larger  pieces  of 
ck  are  reduced  by  the  hand  or  button  hammer  shown  lean- 
:  against  the  wall.  This  method  of  breaking  samples  greatly 
luces  the  labor  of  bucking.  Cupels »  scorifiers.  crucibles, 
id  roasting  dishes  are  kept  in  sight  on  the  shelves,  while  the 

Ea  furnace  muffles  are  kept  on  top  of  the  cupboard;  if,  there- 
,  the  assayer  runs  out  of  any  such  articles  he  is  to  blame, 
k  of  the  operator  and  against  the  wall  the  sieve  used  for 
iising  may  partly  be  seen.     On  the  left-hand  front  corner  of 


46  ASSAYING  §54 

the  table  is  a  flat  anvil  on  which  the  slag  is  broken  free  from 
the  lead  button  and  the  button  also  shaped.  Boxes  for  hold- 
ing: slag:  ^^^  rubbish  are  shown  beneath  the  table.  All  pulp 
samples  are  kept  in  order  in  the  pulp  room,  as  well  as  the 
fluxes. 

Fig:.  45  shows  the  side  of  the  room  opposite  the  shelves. 
The  furnace  is  heated  by  g:as  mixed  with  air.  The  blower 
is  not  shown  distinctly,  but  it  is  revolved  by  the  motor  back 
of  the  operator.  The  furnace,  which  is  of  the  muffle  type, 
works  very  satisfactorily.  The  operator  is  seen  taking  a 
crucible  from  the  muffle  for  pouring:  into  the  button  molds 
on  the  bench.  These  molds  rest  on  a  slab  of  stone  or  cast 
iron  to  prevent  the  heat  from  the  melt  setting:  fire  to  the 
bench.  The  button  tray  is  seen  hang:ing  on  the  window 
box.  The  door  to  the  furnace  is  on  the  bench  back  of  the 
molds.  The  cylinder  under  the  furnace  is  the  chamber  in 
which  air  and  g:as  are  mixed  previous  to  being:  burned  in  the 
furnace.  The  hood  above  the  furnace  is  for  the  purpose 
of  drawing:  the  hot  air  from  the  room  up  the  chimney. 
Fresh  air  is  brougrht  from  outside  the  building:  to  supply  the 
blower,  as  that  air  is  not  so  rarified  and  can  supply  more 
oxyg:en  for  combustion  per  cubic  foot.  The  dimensions  of 
the  furnace  are  such  that  it  occupies  a  floor  space  of  5.638 
square  feet.  It  has  a  heig:ht  of  57  inches,  and  weig:hs  in  all 
about  900  pounds. 


fM 


ASSAYING 


47 


WEIGHTS  AND  MEASURES 


ENGLISH  AND  METRIC  SYSTEMS 


16  drams  (dr.)     .   . 

16  ounces 

.00  pounds 

20  cwt..  or  2,000  lb. 


ATOIRDUPOIS    WEIGHT 

.   .      =  1  ounce <?ar.  =     28.3406  g. 

.   .      =  1  pound Id.  =  453.6920  g. 

.   .      =  1  hundredweight  .  cwL  =    45.369  Kg. 

«  1  ton r.  =  907.184  Kg. 


TROY    WEIGHT 


H  tpraltxB  igr.) «     1  pennyweight     .   .  pwL  =      1.6552  g. 

K>  pennyweights  ....      »     1  ounce oz.  =    31.1035  g. 

12  ounces ■*     1  pound Id,  »  373.2419  g. 


MEASURES    OF    LENGTH  (METRIC) 

The  meter  is  the  umt  of  length,  and  is  equal  to  39.37 


inches,  nearly. 

10  millimeters  (mm.)  .   . 

.    = 

1  centimeter  . 

.    .    cm. 

= 

.3937  in. 

10  centimeters 

.      s= 

1  decimeter   . 

.   .   dm. 

= 

3.937  in. 

10  decimeters 

■s 

1  meter  .   .   . 

m. 

= 

3.28  ft. 

10  meters 

.      a 

1  dekameter  . 

.Dm, 

= 

32.8  ft. 

10  dekameters 

.      « 

1  hektometer 

,Hm. 

s 

328.09  ft. 

10  hektometers     .   .   .   . 

.      a 

1  kilometer   . 

.  Km. 

s 

.62137  mi 

10  kilometers 

^ 

1  myriameter 

.Mm. 

^ 

6.2137  mi. 

MEASURES    OF    WEIGHT    (METRIC) 

The  firram  is  the  //;///  of  weight,  and  is  equal  to  15.432 
j^rains,  or  the  weight  of  a  cube  of  pure  distilled  water  at 
•4®  C,  the  edge  of  which  is  one  otie-hundredth  (xiir)  of  a 
mieter. 
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10  milligrams 
10  centigrams 
10  decigrams 
10  grams     .   . 
10  dekagrams 

10  hektograms 

10  kilograms  . 
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B  1  centigram     .   .   .  i^. 

=  1  decigram  ....  i^. 

=     1  gram ^. 

=  1  dekagram    .   .   .  I?^. 

=  1  hektogram  .   .   .  /{f . 

B  1  myriagram  .   .   .  Jlfg^,  = 


|5i 

.15  gr. 

1.54  gr. 
15.432  gr. 
154.32  gr. 
3.53  oz.,  am 

2.20  lb.,  avoii 

22.05  lb.,  afoii 


CUBIC    MEASURE    (METRIC) 

1 ,000  cubic  centimeters  (c.  c.  or  cm.*)  =  1  cubic  decimeter,  or  liter(/.) 
1  liter  of  water  at  4^  C.  weighs  2.2  lb.,  avoirdupois. 
1,000  cubic  decimeters  =  1  cubic  meter  (cu.m,),  or  kiloliter  (A7.). 
1  kiloliter  of  water  at  4**  C.  weighs  22.04  cwt. 


MultipUs   .   . 
Unit    .... 


Subdivisions 


ASSAY-TON  WEIGHTS 

4  assay  tons  =  116.66666  grams 
2  assay  tons  =    68.33333  grams 

The  assay  ton  (A.  T,)  is  equal  to  29.16666 grans 

i  SLfisay  ton  =  9.7222  grams 
i  assay  ton  =  4.8611  grams 
tV  assay  ton  =  2.9166  grams 
aV  assay  ton  =  1.4583  grams 
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ASSAT  CHARGES 


FLtTXIKG    ORES 

Or©  Deposits, — Ore  deposits  occur  *3  veins  in  rock 
rc9»  as  pockets  where  the  ore  has  replaced  the  rock,  and 
ds*  Ore  is  not  pure,  but  is  nsually  found  associated 
gangne  and  other  rainerals»  which  are  objectionable 
I  to  the  fact  that  they  tnake  the  reduction  of  the  ore 
lilt  and  expensive.  In  addition  to  gan^ue  rock,  ore— 
tially  ore  from  narrow  veins  and  fram  pockets — is 
ently  found  mixed  with  the  country  rock. 

Gfinirtie  Minerals. —In  the  ores  of  £^o1d,  silver, 
r,  lead,  etc.,  the  proportion  of  the  metal  minerals  to 
minerals  composing  the  ore  deposit  is  very  smalL  The 
ue  is  said  to  be  field  if  quartz  predominates,  and  basia 
met  alt  tc  oxide  predominates.  If  the  gangue  is  acid, 
material  must  be  added  to  a  smelting  charge  to  make 
ible,  for  quartz  alone  is  not  fusible  at  even  the  highest 
^e  temperanires.  If,  on  the  other  hand,  the  gangue  is 
;  add  niatenals  must  be  added  to  form  a  fusible  slag, 

gangue  as  a  whole  is  acid  or  basic  according  as  the 
or  basic  constituents  are  in  excess*  When  both  are 
rut  in  the  same  proporiioni  the  gangue  is  said  to  be 
[/,  All  silifaies  are  more  or  less  self-fluxing,  as  the 
is  fMirily  neutralized  by  combination  with  the  metallic 

B*rTf9  •¥  ii*ttii»**T»o«*L  Tunaoott  eowPAttr.     swTrnCT  AT  »T*TT&»it.i*»*  hao.  lonoon 


2  ASSAYING  §iv) 

base  of  the  silicate.  They  may  be  considered  as  made  up  of 
metallic  oxides  and  silica,  with  the  latter  usually  in  excess; 
and  the  metallic  oxides  may  be  credited  to  the  bases,  as  if 
uncombined,  leaving  only  silica  as  the  acid  constituent  of 
gangues.  With  some  few  exceptions,  the  g:angue  rocks  that 
contain  the  most  valuable  metalliferous-ore  deposits  are 
silicious  in  character. 

In  Table  I  are  given  the  principal  gangue  minerals  arranged 
according  to  their  chemical  composition  and  action. 

TABIiE    I 
PRINCIPAL    GANGUE    MINERALS 


Acid 


Basic 


Silica,  uncombined;  as, 
quartz  crystals,  rock  quartz, 
quartzite,  sandstone,  etc. 

Silicates,  or  silica,  com- 
bined with  a  base;  as,  feld- 
spars, mica,  clay,  slate,  etc. 

Rocks  in  which  silica,  either 
free  or  combined,  predomi- 
nates; as,  granite,  quartz-por- 
phyry, etc. 

Generally  speaking,  the 
acidity  of  a  gangue  is  due  to 
silica. 


Metallic  oxides  and  carbon- 
ates, notably  those  of  iron, 
calcium  (lime),  magnesiuni, 
and  manganese. 

Fluorite,  or  fluor  spar  (cal- 
cium fluoride). 

Barite,  or  heavy  spar  (ba- 
rium sulphate). 

Generally  speaking,  all  the 
metallic  elements  and  their 
common  salts,  with  the  ex- 
ception of  the  silicates,  act 
as  bases. 


3.  Metal-Bearlnf?  Rocks. — Nearly  all  rock  formations 
contain  metallic  minerals  in  small  quantities,  but  only  certain 
igneous  rocks  contain  them  in  their  original  composition. 
The  decomposition  of  minerals  and  their  solution  by  circu- 
lating waters,  followed  by  their  precipitation  from  these 
solutions,  resulted  in  the  filling  up,  or,  as  geologists  say, 
"healing,"  of  rock  fissures,  and  in  the  formation  of  pockets 
and  some  bedded-ore  deposits. 
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Table  II,  the  averag^e  composition  is  s^iven  of  the 
ns:  copper,  s:old,  lead,  and  silver  bearing  rocks. 
I  rock  named  in  this  table  will  vary  in  the  percent- 
composition  of   the  oxides  from  which  it  is   formed. 

percentag^es  of  the  constituents  of  each  rock  g^iven, 
isent  the  averac^e  composition  as  determined  by  the 
^sis  of  several  specimens. 


TABIiE  II 
COBfPOSITION    OF    ROCKS 


i  of  Rock 

Per  Cent,  of 

StOi 

(Silica) 

Per  Cent,  of 

AltOa 
(Alumina) 

Per  Cent,  of 

FetOa 
(Iron  Oxide) 

Per  Cent,  of 
CaO,M£0 
(Alkaline 
Earths) 

Per  Cent,  of 
Na%OK%0 
(Alkalies) 

te   .   .   . 

68 

15 

4 

4 

8 

tc   .   .   . 

59 

17 

7 

9 

7 

xdiorite 

63 

17 

6 

8 

6 

c    .   .   . 

55 

18 

9 

12 

5 

ro   .   .   . 

49 

18 

9 

19 

4 

:enitc  .  . 

43 

4 

II 

37 

I 

z  por-1 

ry    or 

75 

13 

2 

I 

8 

»lite .   .  J 

lyte    .   . 

63 

17 

5 

4 

10 

» 

68 

15 

4 

5 

7 

$ite  .  .   . 

6i 

16 

5 

7 

6 

t  .   .   .   . 

50 

14 

14 

17 

4 

ntine  .  . 

43.48 

A3A^MgO 

aite    .   . 

• 

/ 

54.35  Ca6> 

i 

ASMMgO 

23 

xite    .   . 

77 

13 

I.I 

1.7 

5 

Complex  Ores. — Very  few  metals  are  found  native, 
re  found  as  oxides,  carbonates,  sulphides,  etc.,  for  which 
>n  the  combinations  are  termed  metallic  minerals.  It  is 
ual  for  metallic  minerals  to  be  found  pure,  in  fact  they 
associated  with  other  metallic  minerals,  which  are  in 
)  cases  predominant,  and  in  other  cases  subordinate,  in 
tity.     To  assay  minerals  of   this  description  requires 
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more  care  than  would  be  necessary,  if  there  was  but  one 
metallic  mineral  to  be  determined. 

When  an  ore  has  a  hig^hly  silicious  g^angfue,  it  is  mixed 
with  a  basic  substance,  such  as  lime  or  sodium  carboDate, 
that  forms  a  silicious  slag:.  I^  the  gansvie  of  the  ore  is 
basic,  then  some  acid  material,  such  as  silica,  must  be  added 
to  form  a  fluid  slag.  Other  materials  in  the  ore  must  also 
be  slagged,  in  order  that  the  lead  used  may  collect  the 
metal  being  assayed  in  a  lead  button  at  the  bottom  of  the 
crucible  or  scorifier.  The  necessity  of  studying  the  com- 
position of  an  ore  is  now  evident,  for  it  is  from  this  knowl- 
edge that  the  proper  proportions  of  materials  to  furnish  a  fluid 
slag  are  determined.  

FliUXBS 

5.  Infusible  Ores. — The  majority  of  ores  are  in  them- 
selves infusible,  or  nearly  so,  at  the  temperatures  obtainable 
in  an  assay  furnace.  If,  however,  the  pulverized  ore  is  well 
mixed  with  the  correct  proportions  of  certain  solid  chemical 
reagents,  the  mixture  will  readily  fuse  at  a  moderate  heat  lo 
a  fluid  mass,  called  slag.  Owing  to  their  greater  specifi: 
gravity,  such  heavy  metals  as  lead,  gold,  and  silver,  which 
are  reduced  to  their  metallic  state  during  the  fusion,  settle 
through  the  slag.  The  reagents  used  for  this  purpose  are 
called  fluxes,  from  their  property  of  making  the  mixture  fluid. 

Fluxes  may,  like  the  ore,  be  infusible  alone,  but  fusible 
when  mixed  in  the  proper  proportions  with  ore.  For  exam- 
ple, iron  oxide,  calcium  oxide  (lime),  and  silica  (the  most 
common  gangue  material  of  ores)  are  each,  separately, 
extremely  infusible,  but  when  properly  mixed  they  form  a 
very  fusible  slag.  These  three  substances  are.  as  a  matter 
of  fact,  the  principal  constituents  of  all  slags  except  the 
slag  that  comes  from  iron  blast  furnaces,  where  the  iron  is 
removed  by  being  reduced  to  a  metal  at  an  extremely  high 
temperature  and  in  a  very  powerful  reducing  atmosphere, 
and  the  slag  is  made  up  mainly  of  silica  and  lime.  As  sla^s 
arc  more  or  less  definite  chemical  compounds,  the  composi- 
tion of  an  ore  with  regard  to  lime,  iron,  and  silica  is  taken 
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consideration  when  corDptiting  the  furnace  char£et  and 
qtiantity  of  flaxes  added  is  just  sufficient  to  give  the 
reel  proportions  of  these  substances  to  produce  a  slag  o{ 
composition. 

General    Fluxes, — In  employing  fluxing   materials 

re  ID  themselves  refractory,  an  excess  of  any  of  them 

sr  the  correct  flxed  proportions  will  make  the  mixture 

lewhat  less  fnsible.     If,  on  the  other  hand,  the  fluxing 

Itcrial  is  itself  quite  fusible*  any  excess  will  make  the  slag 

)re  fluid  by  simple  dilution,  even  if  it  does  not  combine 

^mically  with  the  rest  of  the  slag-making  matenah     In 

lying,  it  is  impracticable  to  determine  the  composition  of 

sample  before  assaying  it;  hence,  the  fluxes  used  are 

istly  those  which  are  of  themselves  readily  fusible,  and 

ttures  are  made  as  nearly  as  possible  universal;  that  is, 

as^ayer  seeks  to  find  a  mixture  that  will  flux  all  ores. 

triett  universal  flux  is  out  of  the  question,  as  there  is  too 

le  a  variation  in  the  chemical  characteristics  of  ores  lor 

any  one  mixture  to  flux  them  all  satisfactorily.  ^ 

)ccas tonally,  when  using  a  general  flux,  an  ore  will  be 

H  that  will  not  flux  satisfactorily.     In  such  a  case,  the  cause 

I  refractoriness  is  determined  either  by  the  eye  or,  if  neces' 

by  chemical  analysis,  and  is  corrected  by  the  addition 

[ihe  proper  fluxing  materials.     For  example,  an  excess  of 

which  is  acid  in  its  reactions,  may  be  corrected  by  the 

Ittion  of  a  flux  that  reacts  as  a  base;  on  the  other  hand, 

excess  of  the  metallic  oxides,  which  are  basic  in  their 

:tions,  must  be  counteracted  by  the  use  of  an  acid  flux, 

ixes  are  a  mixture  of  substances,  the  nature  of  which  is 

that  a  molten  slag  will  be  formed  so  fluid  that  any 

Hals  in  the  pulp  can  settle  by  their  greater  specific  gravity 

I  the  bottom  of  the  crucible. 

Heat  of  Forniatlon. — When  two  substances,  one  of 

|icb  is  acid  and  the  other  basic*  are  fused  together,  they 

juire  less  heat  than  when  either  is  fused  separately.     Such 

Ibstances  form  slags  called  sltlejites,  which  have  a  definite 

^mical  composition.    As  the  proportions  in  which  the  two 
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substances  are  mixed  have  a  direct  influence  on  the  tempera- 
ture at  which  they  will  unite,  the  heat  of  sla^  formation  will 
be  increased  if  one  of  the  substances  exceeds  the  proportion 
necessary  to  be  maintained  in  order  that  they  may  unite  at 
the  lowest  temperature.  The  eutectic,  or  lowest  melting 
temperature,  of  a  combination  of  fluxes  is  the  heat  of  forma- 
tion. In  most  cases,  a  mixture  of  several  fluxes  will  furnish 
a  eutectic  below  that  of  two  fluxes — a  fact  that  is  frequently 
taken  advantag^e  of  by  the  assayer.  The  heat  of  formation 
is  sufficient  to  convert  metallic  oxides  into  metals  provided 
a  reducer  is  present;  but  the  mixture  of  fluxes  must  be  sudi 
as  to  produce  a  fluid  slag. 

8.  Sodium  Carbonate,  Na^COn. — When  an  equal  num- 
ber of  molecules  of  sodium  carbonate,  or  soda,  and  silica  are 
fused  together,  a  sodium  bisilicate  is  formed,  according  to  the 
equation: 

Na.COn  +  SiO.  =  Na^StOn   +   CO. 

sodium        silica  sodium  carbon 

carbonate  silicate  dioxide 

ia5.31  59.96  121.60  43.67 

When  fusion  takes  place,  the  carbon  dioxide  escapes  as 
gas  and  causes  a  brisk  effervescence;  at  the  same  time  the 
silica  fuses  with  the  soda  and  forms  sodium  silicate. 
Sodium  carbonate  absorbs  so  much  moisture  from  the 
atmosphere  that  it  is  disagreeable  to  handle,  as  it  covers  the 
hands  and  apparatus  with  a  slimy  solution  of  the  carbonate. 
When  left  in  the  air,  it  cakes  into  solid  lumps,  and  must 
therefore  be  kept  in  air-tight  vessels.  For  assaying  pur- 
poses it  should  be  pure,  and  act  as  a  basic  flux.     To  form 

sodium  silicate  requires  -t~z-  =  1.756  times  as  much  sodium 

69.96 

carbonate  as  silica. 

9.  Sotlluni  Bicarbonate. — Sodium  bicarbonate. 
NaHCO^y  is  a  basic  flux  that  is  reduced  readily  by  heat  to 

sodium  carbonate: 

2NaHC0,  -f  heat  =  Na^CO,  -f  CO.  -f  H.O 
sodium                             sodium         carbon 

bicarbonate  carbonate      dioxide  ^*^er 

166.86  105.31  48.67  17.88 


rbonate,  and  accordicg  to  the  equation  it  requires 
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lium    bicarbonate    should   be   gently   heated   at   first, 
pise   the   carbon    dioxide    and    steam    may   blow   out 
>fne  of  the  fine  ore.     The  bicarbonate  is  converted  into 

imM 

105  lii 

1*£84  parts  of  bicarboaate  to  produce  1  part  of  carbonate, 

1©  carbonate  fuses  at  about  80<)°  C,  and  connbines  with 

|ttmina«  limei  and  sittca  to  form  slag.     According  to  the 

juatioD  given  in  Art,  8»  it  requires  —  -  Ir^  -  2.781  times  as 

59.06 

^llcb  sodiuni  bicarbonate  as  silica  to  form  sodium  silicate, 
te  carbon  dioxide  evolved  by  the  fusion  of  sodium  car- 
mate  or  bicarbonate  will  oxidize  sulphur,  metallic  iron,  and 
lnc»    which    go   into    the    slag.     Acid    sodium    carbonate, 
yn^COtt  does  not  absorb  so  much  water  as  soda* 

10.  Potiissiurii  CarbDuate. — Potassium  carbonatei 
iT.CO.i  is  a  basic  flux  and  unites  with  silica  to  form  potas- 

ini  silicate,  A\StO^.  The  chemical  properties  of  potas- 
^um  carbonate  are  similar  to  sodium  carbonate,  so  that  it 
bay  be  substituted  for  the  latter  in  assay  in  gf.  As,  how- 
i^er«  2.3  times  more  potassium  carbonate  than  silica  is 
squired  to  form  potassium  silicate,  and  as  the  former  is 
jc  more  expensive,  it  is  customary  to  use  the  sodium 
irbonate.  Sodium  and  potassium  carbonates  when  fused 
^gether  form  a  double  salt  that  is  more  fusible  than  either 
looe. 


11*  potassium  Bicarbonate*— Potassium  bicarbonate, 
(ffCOm,  like  sodmm  bicarbonate ,  is  also  a  basic  flux,  and 

>duces  practically  the  same  reactions.  Before  use,  it 
ftould  be  dried  and  freed  from  lumps.  Heat  converts  the 
^carbonate  into  carbonate,  in  which  form  it  fuses  with 
Itca  to  form  silicate  of  potassium,  according  to  the 
ittat^on: 


2A'//CO,  +  heat  =   AT.CO,  +  CO,  +  ff,0 

polnssujia  potassium     carbon 

bicarbonnte  carbonate     dfoxide 


water 
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The  carbonate  then  unites  with  the  silica  to  form  potassium 
silicate,  thus: 

A'.Ca  +  SiOn  =  K^OSiOn  +   C(7. 

potassium  siHca        potassium  carbon 

carbonate                           silicate  dioxide 

137.25  59.96            153.54  43.67 

To  form  potassium  silicate  requires  3.33  times  as  much 
pot&ssium  bicarbonate  as  silica.  Potassium  bicarbonate  is  a 
desulphurizer,  oxidizing  reagfent,  and  basic  flux. 

12.  Borax. — Borax,  Na^B^O^^  is  a  very  active,  fusible, 
acid  flux,  and  is  a  constituent  of  all  stock  fluxes.  It  forms 
fusible  compounds  with  silica,  and  fluxes  sulphides,  arsen- 
ides, tellurides,  lime,  and  metallic  oxides;  it  is  not,  however, 
a  desulphurizer  or  an  oxidizing:  agent.  Ordinary  borax, 
Na^B^O,'\^H^O,  contains  more  than  47.24  per  cent,  of  water, 
which  is  given  off  very  readily  under  the  influence  of  heat, 
causing  the  borax  to  puff  and  swell,  and  rendering  it  liable,  if 
used  for  assay  purposes,  to  overflow  the  crucible.  The  water 
is,  therefore,  previously  removed  from  the  borax  used  for 
assaying,  either  by  calcination  (slow  heating  at  a  temper- 
ature slightly  higher  than  the  boiling  point  of  water)  or  by 
fusion  to  a  clear  glass,  in  an  iron  or  chalk-lined  clay  crucible, 
the  melted  borax  being  poured  on  a  clean  surface,  and  when 
cold  pulverized,  forming  what  is  known  as  borax  glass.  Borax 
glass  is  largely  used  as  a  "cover**  for  both  crucible  and 
scorifier  assays,  a  little  being  spread  over  the  top  of  the 
charge  before  it  is  put  into  the  furnace.  This  cover  fuses 
before  the  main  charge,  and  thus  prevents  some  loss  through 
the  volatilization  of  litharge  and  certain  volatile  gold  and 
silver  ores,  besides  helping  to  start  the  fusion. 

13.  ijotllum  Chloride. — Sodium  chloride,  NaCU  or 
common  salt,  is  used  as  a  cover  for  crucible  charges  in  gold 
and  silver  assays.  To  produce  the  best  results,  it  should  be 
pure  and  finely  pulverized.  It  reacts  with  metal  sulphides 
producing  metal  chlorides  and  sodium  sulphides,  thus: 

FeS.  +  \NaCl  =  FeCh  +  1Na,S  +   O 

ferric  ^^,.  ferric  sodium  ^ui^^„^ 

disulphide        ^^^^  chloride      sulphide  cnionnc 

119.14  232.24  161.04  156.16         35.18 
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232  24 
ram  this  equattoo,  it  is  seen  that  -TirT-:  —  1-949  times  as 

^ch  salt  as  ferric  dtsulphide  is  required  to  desulphurize 

ric  sulphide  or  iron  p^rrlte.     Salt  does  not  aid  directly  in 

solution  of  silica;   it  does  dissolve,  however,  the  metal 

pde!£,  and  prepares  them  to  combine  with  silica.     Salt  will 

lead  from  iron,  copper,  bismuth »  arsenic,  antimony,  and 

^tals    that    delay   and   sometimes   spoil    the    cupel lation 

ss.     Most  of  the  metals  when  combined  with  chlorine 

volatile,  and  in  fire-assays,  other  than  those  of  gold  and 

rer,  Hah  should  not  be  used.     Salt  forms  a  liquid  cover, 

rents  loss  by  ebullition^  and  washes  the  sides  of  the 

Icible. 

14.  LUharjate,— Litharge,  P^Of  or  yellow  oxide  of  lead^ 
as  a  basic  flux  and  as  an  oxidizing  and  desulphurizing 
frnt,  and  by  reduction  to  a  metal  supplies  the  necessary 
for  the  collection  of  the  gold  and  silver  in  crucible 
^ays.  Litharge  is  never  entirely  free  from  silvert  and 
&h  new  lot  should  be  assayed,  in  order  that  the  weight  of 
silver  contained  in  the  litharge  of  a  crucible  charge  may 
[  deducted  from  the  weigbt  of  the  resulting  button,  and  the 
rcr  not  credited  to  the  ore.  The  crucible  method  of  assay 
sed  for  determining  the  silver  in  litharge,  and  the  charge 
^eti  is  usually  1  or  2  A,  T-;  but  the  assayer  will  save  time, 
jble,  and  the  possibility  of  arithmetical  error  if  he  uses 
the  assay  charge  the  same  amount  of  litharge  as  he  uses 
m  the  flux  for  his  gold-silver  assay  charges,  A  good  charge 
jfa|  the  litharge  assay  is:  litharge,  2  A.  T.j  sodium  bicarbo* 
^■e,  1  A.  T.;  argol,  1  g.  Cover  with  borax,  and  fuse  as  in 
^B  regular  assay  for  gold  and  silver  ores.  Charcoal  or  iiour 
^B^  be  used  instead  of  argoL  If  the  assayer  mixes  his 
l^arge  with  bis  stock  (lux,  he  need  only  run  duplicate  assays 
of  the  flax  alone,  using  the  same  amount  for  the  charge 
as  he  mixes  with  his  ore  assays.  A  little  silica  (sand  or 
^iwdered  glass)  added  to  the  litharge-assay  charge  will  save 
crucible,  which  will  otherwise  be  corroded  to  furnish  the 
sssary  stHca  for  the  slag. 
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It  is  claimed  that  red  lead,  Pb^O^,  oxidizes  silver,  and  thus 
causes  loss;  hence,  litharge  should  be  free  from  red  lead 
White  lead,  PbCO^,  or  2PbC0^PbHnCK  is  sometimes  used 
in  place  of  litharge.  The  first  formula  given  for  white  lead 
is  that  of  the  native  product,  the  second  is  that  of  the  manu- 
factured product  known  as  Dutch  white.  Metallic  oxides 
that  are  difficultly  fusible  alone  are  readily  dissolved  by 
lead  oxide,  with  which  they  form  a  basic  slag  and  attack 
the  silica  in  the  crucible.  Lead  and  silica  form  a  lead 
silicate,  thus: 

PbO  +  SiO,  =  PbStO. 

lead  jj.  lead 

oxide        ^*"^^         silicate 

221.23       59.96  281.19 

From  this  equation  it  may  be  ascertained  that  it  takes 

991  9'^ 

LLi.^o  ^  3^^(^  p^^^g  ^£  litharge  to  1  part  of  silica  by  weight 

to  form  lead  silicate,  which  is  more  fluid  when  fused  than 
sodium  silicate.  Lead  may  form  double  fusible  silicates 
— hence,  silica  bricks  cannot  be  used  for  lead-fumacc 
lininjjs — but  it  has  no  action  on  lime  or  magnesia  except 
in  the  presence  of  silicates  and  borates.  As  already  stated, 
litharg^e  is  a  desulphurizer,  and  in  the  proper  proportions 
can  be  used  for  that  purpose;  it  is,  however,  diflficult  to 
oxidize  sulphides,  thoroughly  in  a  crucible.  The  reaction 
said  to  occur  is  as  follows: 

FeS,  -f   IPbO  =    FeO  +  25(9,    +  IPb 
ferric            lead  ferrous       sulphur        ,      , 

sulphide        oxide  oxide        trioxide 

119.14        1,548.61  71.38         158.92        1.437.45 

This  operation  would  require  12.997  g.  of  lead  for  every 
gram  of  ferric  sulphide  desulphurized,  and  is  not  so  cheap 
an  operation  as  desulphurizing  with  niter. 

15.  SI  lira.  -Silica,  SiOt,  is  oxide  of  silicon,  and  is 
termed  the  acid  constituent  of  rocks.  When  an  ore  to  be 
assayed  contains  too  much  basic  material  it  is  necessary,  in 
order  to  make  a  fusible  slag,  to  add  silica.  Usually  quarti 
sand  or  powdered   glass — either  ordinary  window  glass  or 
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>lt]e  glass  (not  plate  gflass,  which  contaitis  lead) — h  the 
iterial  added  as  a  flux  in  assa^^ing* 

Powdered  quarts  is  a  good  flux»  but  lime  glass,  which  is 
Unary  window  glass,  is  the  best  unless  the  ore  is  very  basic. 
I  The  reaction  that  occurs  may  be  expressed  by  tbe  equation: 

StO,  +  CaCO,  =  CaSiO,  +  CO, 

i**  calcium        catcium      carbotJ 

**''^*    carbonate      silicate      dioxide 
59.93         99.25  llbM         il\S7 

99  25 

It  requires,  therefore,  j—^J   =  1<655  times  as  much  lime- 
59.96 

me  as  silica  to  form  calcium  silicate,  or  if  lime,  CaOi  Is  used, 

I  will  require  *  *\.^  =  »927  times  as  much  lime  as  silica. 
^  59,96 

16*     Potassium   Nitrate. — Niter>  or  saltpeter,  KNO%t 

a  basic  flux  and  a  very  powerful  oxidizing  and  desulphur- 

Ing  agent,     lis  use  is,  however,  objectionable  for  various 

i&ons.     In  the  first  place,  its  oxidizing  power  must  be 

^termined,  as  the  amount  used  must  be  only  just  sufficient 

accomplish  the  purpose  for  which  it  is  added,  any  excess 

iding  to   prevent   the    reduction   of   the   litharge.     This 

plermination  involves  two  sets  of  assays.    The  reducing 

>wer  of  the   stock   flux   must   first   be   tested   by   running 

■plicate  charges  and  weighing  the  resuUing  lead  buttons. 

)e  amounts  of  fitix  and  litharge  in  these  charges  should  be 

\e  same  as  are  used  in  a  regular  assay  charge,  the  litharge 

^ing  somewhat  in  excess  of  the  amount  the  flux  will  reduce 

metal.     Two  simitar  charges  are  run  next,  with  the  addi* 

>&  of  1  g,  of  niter  to  each*     The  buttons  from  this  assay 

be  smaller  than  those  from  the  previous  oneT  and  the 

ference  between  the  average  weight  of  the  lead  buttons 

>m  the  two  assays — without  and  with  niter — represents  the 

idiyng  power  of  niter  per  gram.     If  more  than  1  g.  of 

is  used,  the  di^erence  in  weight  of  the  buttons  will 

Iv©  to  be  divided  by  the  number  of  grams  of  niter  used  to 

^lain  the  oxidixing  power  per  gram.     After  the  oxidising 

rer  of  the  niter  has  been  determined,  it  is  necessaryt  before 

niter  can  be  used  In  an  assay  charge,  to  determine  the 
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reducing  power  of  the  ore  with  which  it  is  to  be  nsed,  in 
order  to  know  just  how  much  niter  to  add,  and  avoid  excess. 
To  do  this,  make  up  the  following:  chars:e:  ore,  iV  A.  T.: 
litharge,  15  g.;  sodium  bicarbonate  (or  mixed  soda  and 
potassium  bicarbonate),  10  g.  Run  this  charge  like  the  pit- 
vious  charges,  and  weigh  the  resulting:  button.  The  button 
reduced  by  h  A.  T.  of  ore  would  be  five  times  as  heavy;  and 
in  an  ordinary  assay  this  weight  would  be  added  to  that  of 
the  button  reduced  by  the  flux  charge.  The  amount  of  niter 
added  should  be  just  sufficient  to  reduce  the  button  to  the 
desired  weight.  From  the  following  equation  the  quantity 
of  niter  that  will  oxidize  lead  is  found: 

4Pd  +  2AWa  =  4PdO  +  AT.O   +  NO  +  N 
lead  niter  litharge  ^-^^^   -^-^^  nitrogen 

821.40        200.84  884.92        93.68  29.81        13.93 

This  equation  shows  that  1  part  of  niter  will  oxidize 
4  -h  parts    of   lead. 

Besides  necessitating  all  the  extra  work,  niter  in  the  flux 
is  troublesome  in  itself.  Its  oxygen  is  given  off  so  rapidly 
as  to  cause  deflagration  and  spitting  of  the  charges  before 
they  commence  to  melt,  and,  unless  very  large  crucibles  are 
used,  charj^es  containing  niter  are  almost  certain  to  boil  over 
if  left  unwatched,  as  the  niter  causes  violent  boiling  and 
effervescence.  Taking  all  these  things  into  consideration, 
most  assayers  prefer  to  use  salt,  litharge,  iron  wire,  or  nails 
rather  than  niter  to  prevent  the  sulphur  and  arsenic  going 
into  the  buttons  from  sulphides  and  arsenides — the  principal 
purpose  for  which  niter  is  used. 

17.  I'otasslum  Cyanide. — Potassium  cyanide  is  a  very 
powerful  desulphurizing  and  reducing  flux.  It  combines  with 
oxygen,  forming  cyanates,  thus: 

PdO  -\-  KCN  ^  Pb  +  KCNO 

lith-ircre  P^^assium    ,      ,     potassium 
mnarge     cyanide      *^^       cyanate 
221 .2.3         64.69        205.35       80.57 

According  to  this  equation,  1  part  by  weight  of  potas- 
sium cyanide  will  reduce  3.4  parts  by  weight  of  litharge. 
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>taB5ium  cyanide  combines  with  sulphur  to  form  tbiocyanate, 
potassium  sulphocyaoide,  thus: 

PbS  +  h'CN  =  Pd  +  /<rSC// 
lead     potA&sium    I     J 
sulphide  cyanide 


Ihiocyamate 
205.ad        96.51 


lpmd< 

mA7      mm 

FroTTi  this  equation »  it  may  be  calculated  that  1  part  by- 

sight  of  potassiuni  cyanide  wil!  desulphurize  3,66  parts 
weight  of  lead  sulphide, 

Poias'iiuni  cyanide  in  lead  flU3C  is  liable  to  reduce  some  of 
le  more  readily  oxidizable  metals — such  as  bismuth ^  copper, 

>n«  tin,  and  antimony — ^along  with  the  lead,  causing  a  brittlei 
savy  button.  Pure  potassium  cyanide  is  intensely  poison- 
is,  and  should  be  handled  with  the  greatest  care.  It  should 
sver  be  touched  with  cracked  or  sore  hands,  and  should  be 

jtind  in  the  open  air,  with  a  towel  over  the  top  of  the  mortar. 
for  this  reason,  it  is  employed  but  little  in  assaying,  the 
jmmercial  cyanide  being  used  instead.  The  ferrocyanide  of 
jtassinni  acts  in  a  similar  manner  in  the  flux,  though  much 

&s  powerfully,  and  is  much  safer  to  handle,  although  care 
ionld  be  exercised  in  its  case  also.  Like  niter,  both 
^anide  and  ferrocyanide  are  liable  to  cause  boiling  over, 
id  their  place  as  desulphurizers  is  usually  filled  by  iron 
ire  or  nails. 

18.  iroii^  F^.— Metallic  iron  is  a  powerful  basic  fluai  and 
ssulphurizer.      Its  principal  use  in   the  crucible  assay  of 

Iphide  and  arsenide  ores  is  to  form  a  matte  with  the  sul- 
3ur  and  arsenic,  and  thus  keep  them  out  of  the  lead  button. 

>m  two  to  four  wrought-iron  cut  nails,  according  to  the 

lount  of  sulphur  in  the  charge*  are  stuck  point  downwards 
llc)  the  crucible  before  putting  it  into  the  fire.  As  the 
inrge  melts,  the  sulphur  rapidly  eats  away  the  iron,  forming 
fon  sulphide,  which  is  dissolved  by  the  slag  if  only  a  moder- 
te  quantity  is  present.  If  there  is  much  of  this  iron  snl- 
litle,  it  forms  a  distinct  layer  of  matte  between  the  button 
id  the  slag,  both  before  and  after  pouring.  The  matte  can 
readily  distinguished  from  both  slag  and  button  by  its 

^stalline  structure  and  metallic  luster.     If  any  of  the  nails 
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remain  undissolved  in  the  crucible,  they  should  be  removed, 
before  pouring,  by  means  of  the  small  crucible  tongs,  tapping 
them  lightly  against  the  edge  of  the  crucible,  as  they  are 
withdrawn,  to  shake  off  any  adhering  globules  of  lead. 

19.  Lead,  Pb. — Metallic  lead  acts  as  a  basic  flux  and 
also  as  a  collector  of  the  precious  metals  in  gold  and  silver 
assays.  Test  lead  (pure  granulated  lead)  is  the  principal 
flux  used  in  the  scorification  assay.  Sheet  lead,  or  lead  foil, 
is  used  in  assaying  bullion.  Test  lead,  like  litharge,  almost 
invariably  contains  more  or  less  silver,  and  should  be  assayed 
for  that  metal,  and  the  proper  deduction  made  from  the 
results  of  all  silver  assays  in  which  it  is  used.  The  assay 
is  run  exactly  like  an  ordinary  scorification  assay,  adding 
silica  to  the  charge. 

20.  other  Fluxes. — Powdered  lime,  CaO,  powdered 
magnesia,  M^^O,  fluor  spar,  Gi/s,  and  cryolite,  SNaF'AlF,, 
are  basic  fluxes  that  are  found  useful  in  special  cases. 


REDUCERS 

21.  ReduclnpT  Agfents. — It  has  been  stated  that  potas- 
sium cyanide  is  a  powerful  oxidizer  and  reducer,  and  is  also 
a  flux.  The  function  of  a  flux  is  to  slag  the  impurities  in  an 
ore  so  that  the  metal  oxide  may  be  collected  by  the  litharge, 
ami  both  be  reduced  by  some  carbonaceous  matter  in  the 
mixture.  There  is  carbon  in  potassium  cyanide,  which 
accounts  for  its  reducing  properties;  but,  on  account  of  its 
poist)iious  properties,  it  is  very  little  used  as  a  reducer.  A 
itHlucing  agent  is  a  substance  that  will  reduce  an  oxide  from 
a  hi^iher  to  a  lower  state  of  oxidization,  or  remove  the  oxygen 
entirely  and  reduce  the  oxide  to  a  metal. 

22.  Charcoal. — Charcoal  absorbs  moisture  and  gases 
tuMu  the  atmosphere,  for  which  reason  its  reducing  power 
will  vary  and  should  be  determined.  For  this  purpose 
I  ^  o{  charcoal,  2  A.  T.  of  litharge,  and  i  A.  T.  of  soda 
buMibonate  are  thoroughly  mixed,  placed  in  a  crucible,  and 
'used  in  a  hot  fire.     After  cooling,  the  button  resulting  from 
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ic  fusion  is  weighed,  and  this  weight  represents  what  1  g. 

the  charcoal  will  reduce*     Usually,   good  charcoal  will 
luce  from  20  to  30  parts  of  lead- 

The  charcoal  for  assaying  must  be  finely  pulverized.  In 
iming,  it  is  converted  into  carbon  dioxide,  CO^,  and  this 
lining  in  contact  with  incandescent  metallic  oxides  is  broken 
and  converted  into  carbon  monoxide,  COt  and  oxygen* 
farbon  monoxide  is  a  reducing  gas;  that  is,  it  absorbs  the 
lygen  from  metallic  o^ddes  and  converts  the  latter  into 
letals. 

23*    Flour* — Flour  is  a  substance  that  contains  carbon. 

le  heat  of  the  assay  furnace  it  is  converted  into  charcoal, 

into  carbon  dioxide,  and  finally  into  carbon  monoxide, 

which  form  it  reduces  the  oxides  of  metals  into  metals* 

^ne  part  of  flour  will  reduce  about  15  parts  of  lead  from  lead 

dde*     Flour  is  not  so  good  a  reducer  as  charcoal,  because 

:  must  be  converted  Into  charcoal  before  the  reducing  action 

^kes  place,  and  moreover  contains  substances  that  reduce 

carbonizing  efTectt  and  make  it  impure  carbon, 

S4.     Blareli,  Sugrttt*)   tind    Uuiu.-^Starch,    sugar,   and 
jpim  are  carbonaceous  materials,  and  can  be  employed  as 
tducing   agents.     One  part  of  undried  starch   will  reduce 
\l  parts  of  lead*     One  part  of  dried  starch  will  reduce  13  parts 
lead*     One  part  of  sugar  will  reduce  14i  parts  of  lead* 
part  of  gum  arabic  will  reduce  11  parts  of  lead* 

2o#  Arprol, — Argol  is  impure  cream  of  tartar  or  potas- 
^um  bitartrate,  k*HC\H^O^,  and  has  more  carbon,  and  there- 
>re  greater  reducing  power^  than  the  pure  conjpound.  Heat 
langes  argoJ  to  potassium  carbonate,  k\COt,  and  carbon, 
ic  water  being  driven  off.  It  acts  as  a  basic  flux  as  well  as 
reducer,  owing  to  the  potassium  it  contains.  To  determine 
le  reducing  power  of  argol,  it  should  be  pulverized  dry  and 
lixed  in  the  following  proportions: 

2e. 


Argol 

Liiharge 

Soda  bicarbonate 


2A.  T. 
♦  A.  T. 
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This  mixture  is  fused  in  a  crucible  in  a  hot  fire,  and  when 
cool  the  button  is  extracted  and  its  weight  in  grams  ascer- 
tained. This  weight  divided  by  2,  the  number  of  grams  of 
argol  taken,  will  give  the  weight  of  the  lead  1  g.  of  ar^l 
will  reduce  from  litharge.  Approximately,  1  part  of  argol  by 
weight  should  reduce  about  6  parts  of  lead  by  weight. 

26.  Reducers  in  General. — Carbonaceous  materials 
may  be  used  as  reducers.  Sulphur,  arsenic,  and  antimony 
in  ores  have  a  reducing  effect  and  assist  the  reducer  in  the 
flux.  This  fact  should  be  kept  in  mind  in  making  up  the  flux 
for  any  particular  ore.  Powdered  sulphur  is  sometimes, 
though  seldom,  used  as  a  reducing  reagent  in  flux. 

TABLE  III 
APPROXIMATE    REDUCING    POWER   OF   RBDUCIKO   AOKHTS 

(Expressed  in  terms  of  parts  of  fnetallic  lead  reduced  from  litharge  h 
1  part  of  the  reducer) 


Reducing  Agent 
I  Part 


Amonnt  of  Lead 

Reduced 

Parts 


Charcoal  .  .  . 
Hard  coal  .  . 
Coke  .... 
vSoft  coal  .  . 
Wheat  flour  . 
White  sugar  . 
Starch  .... 
(lum  arable 
Crude  argol 
Cream  of  tartar 


20  to  30 
25 
24 
22 

15 

Mi 

I  Is  to  13 

II 

si  to  8} 
4i  to  6i 


27.  Table  III  gives  the  approximate  reducing  power  of 
such  reducing  reagents  as  are  commonly  used  in  assaying. 
in  terms  of  the  number  of  parts  of  lead  reduced  from 
litharge  by  1  part  of  the  reducer.  These  figures  are,  how- 
ever, only  approximate,  and  should  not  be  used  in  the 
determination  ot  the  oxidizing  or  redudn^f  power  of  an  ore 
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^  a  reajjent.  For  this  purpose »  a  test  assay  of  the  reducer 
>yld  always  be  run,  f  olio  win  |^  the  method  given  for  deter- 

ling  the  reducingf  power  of  charcoal  and  argo]  and  usingf 
)m  J  g,  to  2  g.  of  the  reducer  in  place  of  the  ore  chargep 
^r  the  calculation  of  general  charges,  however,  thejr  are 

icieotly  close, 

i8.  Biilphtile  OreB4 — ^A  large  number  of  ores  contain 
bpurities  such  as  antimony »  arsenid  selenium^  sutphur*  and 
purmm,  or  a  mixture  of  one  or  more  of  these  non*metallic 
jments^  usually  with  sulphur  predominating*     Ores  of  this 

scriptioQ  are  not  so  readily  assayed  as  silicious  ores;  in 
n,  they  act  as  reducers,  thus  increasing  the  size  of  the 
ilton  beyond  20  g.,  or  else  produce  a  hard  or  brittle 
Itton  that  must  be  scorified.     In  some  cases,  a  matte  or 

siss  will  be  formed ,  owing  to  the  presence  of  sulphides. 
C  and  this  will  hold  some  of  the  gold  and  silver,  partic- 
^  ularly  if  any  copper  is  present  in  the  ore.     Hard  buttons  are 
lused  by  such  elements  as  iron,  copper,  nickel ^  platinum, 

a  large  quantity  of  silver. 
Brittle  buttons  are  caused  by  the  non-metalHc  elements, 

by  zinc*  gold*  and  platinum  in  large  amounts.     Owing  to 

difficulties  mentioned,  sulphide  ores,  previous  to  assay* 

kg,  are  given  special  treatment  or  else  are  roasted.     Sul* 

lide  ores  are  given  a  preliminary  assay,  or  the  fluxes  used 

gauged  from  experience,  and  added  to  the  ore*    The 

say  of  sulphide  ores  wiU   be  found  under  the   heading 

ifractory  Ores, 

[29*  Frellniliiary  Assaylnir* — To  find  the  reduciog 
>wer  of  an  arsenical  or  sulphide  ore,  and  to  regulate  this 
l^wer,  a  preliminary  assay  is  advisable.     For  this  purpose 

tVe 

5  g.  of  the  ore  pulp 
80  g.  of  litharge 
20  g,  of  soda  bicarbonate 

5  g,  of  borax 

6  g.  of  silica 
Borax  cover. 
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When  the  fusion  is  complete,  treat  the  lead  button  in  the 
ordinary  way. 

If   no  lead  has  been  reduced,  the  ore  has  no  redncm; 

power.     If  less   than  3   g.  of  lead  are    reduced,  a  bntton 

from  an  assay  ton  would  be  less  than  3  X  6  =  18  g.,  the 

quantity  of  pulp  in  this  case  being  practically  A  or  i  of  an 

29  166 
assay  ton,  or    -'■—  g.     In  order  to  bring  up  the  bntton  to 
o 

the  20-g.  size,  argol  or  charcoal  must  be  added  as  a  reducer. 
If  3}  g.  of  lead  is  reduced,  the  button  will  be  about  right, 
as  it  will  weigh  84X6=  19.5  g.  for  an  assay  ton  of  ore. 
If  the  button  weighed  5  g.,  then  the  button  for  an  assay  ton 
would  weigh  80  g.,  or  10  g.  more  than  is  advisable,  and  niter 
must  be  added  to  oxidize  this  excess.  It  has  been  demon- 
strated that  1  part  of  niter  will  oxidize  about  4  parts  of  lead; 
hence,  ^4^  =  2.5  g.  of  niter  would  need  to  be  added  to  the 
regular  charge.  Sometimes,  the  niter  calculated  for  a  pre- 
liminary assay  does  not  produce  the  desired  results  and  very 
little  lead  is  reduced,  owing  to  iron  oxide  being  in  the  pulp. 
This  may  be  corrected  by  the  addition  of  more  niter  or  a 
large  quantity  of  litharge. 

30.  Oxidized  Ores. — Ores  that  contain  oxides  of  iron, 
copper,  and  manganese  are,  like  sulphide  ores,  more  difficult 
to  assay  than  silicious  ores.  The  oxides  of  the  base  metals 
make  the  lead  button  too  small  or  else  prevent  it  from  form- 
ing when  the  flux  is  for  a  silicious  ore.  This  is  due  to  their 
oxidizing  power  and  to  their  uniting  with  the  litharge.  Usu- 
ally, an  oxidized  ore  can  be  recognized  by  its  reddish  or 
brown  color — but  not  always,  since  there  are  the  black  copper- 
oxide  melaconite;  the  black  manganese  oxides,  pislomelane 
and  pyrolusite;  the  black  iron  oxide,  magnetite,  and  some- 
times hematite;  and  the  titanium  mineral  ilmenitc.  To 
correct  the  oxidizing  power  of  such  ores  a  reducer  is  required, 
and  to  ascertain  the  quantity  of  reducer  for  the  flux,  a  pre- 
liminary assay  is  made. 

31.  Proliinlnnry  Assay  for  Oxide  Ores. — To  deter- 
mine the  oxidizing   power   of   an   ore,  take  the  following 
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rge  and 
Eted: 


fuse  it  in  a  crucible;  then,  treat  the  button  as 


5  g,  of  ore 
40  g-  of  litharge 

10  g.  of  sodium  bicarbonate 
3  g.  of  argol  or  li  g.  of  flour 
5  g»  of  borax  glass 
Salt  cover; 
Lssume  that  the  argol  used  is  capable  of  reducing  6  parts 
weight  of  litharge*  but  that  5  g,  of  ore  with  3  g,  of 
^ol  gave  a  button  weighing  15  g.     It  is  evident,  then,  tliat 
of  ore  oxidized  18  —  15  =  8  g.  of  lead,  and  that  an 
lay  ton,  which  is  practically  SO  g*.  would  oxidize  18  g,  of 
lead.    To   neutralize   this  oxidizing  effect,  it  will  require 
^  =  1:2  g.  of  argol  ^  and  to  furnish  a  button  of  20  g.  from 
$m  assay  ton  will  require  1.33  g,  of  argol  additional. 


t2.  Mixed  Fltixes.^Assayers  whose  work  is  confined 
ores  in  one  district,  soon  learn  to  mix  a  flux  suitable  to 
ise  ores*  Public  assay ers  have  to  deal  with  a  variety  of 
t&  from  many  districts*  and  should  roughly  calculate  the 
tes  for  each  ore.  Experienced  assa^ers  with  the  aid  of  a 
Icroficope  can  approximate  the  necessary  fluxes  that*  when 
mixed  with  an  ore,  will  make  a  fusible  slag* 
^■n  case  of  doubt,  a  qualitative  test  of  the  ore  will  furnish 
^^a  sufficient  for  the  calculation  of  a  suitable  slag,  or  will 
indicate  a  stock  flux  suitable  to  the  ore.  Certain  Ouxes  have 
been  handed  down  from  generation  to  generation,  and  while 
|tey  will  Hux  the  greater  number  of  silver  and  gold  ores  they 
^B  not  entirely  uiiiversaL    These  are  termed  Btoek  lluxesit. 

^B3.     riiiUilty  of  Blnirs* — Assayers  that  fail  to  formulate 
fffigs  with  a  fluidity  sufHcient  to  permit  the  collecting  metal 

Krirculate  freely  cannot  obtain  correct  results.    When  slags 
pasty,  the  precious  metals  are  unable  to  alloy  with  the 
A  and  are  held  in  suspension.     Fusions  of  this  descrip* 
'  in  arc  discarded-     While  the  object  of  the  assayer  Is  to 
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produce  a  fluid  slasf,  nevertheless  he  mt^st  not  have  so  fliud 
a  mixture  that  the  collecting:  metal  will  sink  before  alloying 
with  the  gold  and  silver,  as  in  this  case  the  precious  metals 
may  remain  incorporated  in  the  slag:.  In  order  to  form 
suitable  slas:s,  the  silica  in  the  s:ans:ue  must  be  balanced 
with  the  bases  of  the  g:ans:ue,  and  the  excess  of  silica  in  the 
ore  fluxed  with  litharge,  soda,  borax,  etc. 

34.  Silicates. — Silica  combines  with  bases  in  widely 
varying  proportions  to  form  silicates.  The  fusibility  of 
silicates  depends  on  the  bases  and  the  percentage  of  silica 
they  contain.  Silicates  are  classified  according  to  the  ratio 
of  the  oxygen  in  the  base  to  the  oxygen  in  the  silica.  In 
the  general  formulas  given,  R  represents  the  base,  and  may 
be  lime,  sodium,  or  other  metallic  oxide: 

Name  Formulas  Oxygen  Ratio 

Subsilicate  AROSiO.  2 : 1 

Monosilicate  2RO'SiO.  1 : 1 

Bisilicate  ROSiO.  1 : 2 

Trisilicate  2RO'ZSiO^  1 : 3 

Sesquisilicate  AROZSiO.  2 : 3 

Bases  that  had  the  form  of  alumina,  Al^Ot,  would  have 
the  formula  R^  and  be  written  as  follows: 

Name  Formulas  Oxygen  Ratio 

Subsilicate  4Ai,0,'3StOn  12  :    6  or  2  : 1 

Monosilicate  2Ai,0.'SSiOn  6  :    6  or  1 : 1 

Bisilicate  Al.O.'SStO,  3  :    6  or  1 : 2 

Trisilicate  2Al,On'9SiOn  6  :  18  or  1 :  3 

Sesquisilicate  4Al,0.'9SiO.  12  :  18  or  2  : 3 

Some  silicates  are  more  fusible  than  others,  but,  for  assays 
in  g:eneral,  monosilicate  or  sesquisilicate  slags — and  at  times 
a  bisilicate — are  preferable.  When  a  bisilicate  slag  is  to  be 
calculated,  the  sUica  required  for  a  monosilicate  is  calcn- 
lated  and  multiplied  by  2;  for  a  trisilicate  slag,  it  would  be 
multiplied  by  3;  but  for  a  subsilicate  it  would  be  divided 
by  2.  When  the  base  of  a  monosilicate  slag  has  been  calcu- 
lated and  another  silicate  is  to  be  formed,  the  bases  must  be 
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fded  hy  2  for  a  bt silicate;  by  JJ  for  a  trisilicate;  by  I  for  a 
iisilicate;  and  be  multiplied  by  2  for  a  subsilicate. 

Ifi»  Caleluni  Silicate. — The  two  most  fusible  silicates 
calcium  are  the  bistlicate^  CaO'SiOn  and  the  sesqui- 
Icate,  iCaO'ZStOt^  The  assayer  rarely  adds  CaO  to  an 
ly  chargei  but  in  the  form  of  CaCOt  it  is  frequently 
^seot  m  ores  as  a  common  £fangue  mineraL  Before  a 
Icate  of  calcium  can  be  formed,  the  carbon  dioxide  of  the 
oestone  CaCO,  must  be  expelled  by  heat,  according  to  tlie 
ion: 

2CaC0,  +  heat  =  2CaO  -\-  2C0, 

Umestom  lime         ^f^^j^ 

198.60  111.16  ^7.34 

1  Qfit  KA 

rom  this  equation^  it  requires  —t^-^  =  1*785  times  as 

lll.lu 

:tch  Itmestotie  as  lime  to  form  lime. 

[The  formula  for  calcium  monosilicate  is  2CaO'SiOt,  and 

)  obtained  as  follows: 

2CaO+SiO,  ^  2CaO'StO^ 

lime        silica 


calcium 
monosilicate 
111.16       69.96  17M2 


I  From  this  equation,  it  requires 


11  Lie 


=£  L853  times  as 


59,96 
zh   lime  as   silica   to   form  calcium   silicate,   or 


198.50 
59,96 
3.3  limes  as  much  limestone  as  silica.     The  quantity  of 

|ica  necessary  to  flu^  limestone  is  -^^  ^  -  -302 »  and  the 


59  96 
ility  of  silica  for  fltixiog  lime  is  —.7-^  -  -539, 


This 


ter  factor  will  be  found  useful  in  slag  calculations,  as» 
den  the  percentage  of  limestone  is  known,  the  weight  of 
lica  to  form  a  monosilicate  can  be  found  by  multiplying  by 
factor  M^2\  or»  if  the  percentage  of  lime  is  known  in  an 

B,  the  factor  .5,W  is  used  for  a  monosilicate* 
I  Silicates  of  lime  are  not  so  fusible  as  silicates  of  lead, 
rtassiumt  or  sodium^  so  that  lime  is  not  used  as  a  flux  in 
ptaying. 

1^—46 
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36.  Masrneslnin  Silicate. — Mag^nesia  carbonate, 
MgCOt,  and  magfnesium  oxide,  MgO^  are  infusible  alone,  brt 
when  combined  with  silica  form  a  series  of  silicates.  The 
most  fusible  of  these  silicates  are  the  trisilicate,  2AfgO'ZSi0t, 
and  the  sesquisilicate,  A^AfgO'ZSiO^.  As  in  the  case  of  cal- 
cium carbonate,  mas:nesium  limestone  is  found  as  a  gao^oe 
rock,  but  before  the  magnesium  carbonate  can  form  a  silicate 
it  must  be  converted  into  magnesium  oxide  by  heat.  The 
reactions  that  occur  in  the  formation  of  a  monosilicate  sla^ 
are* 

2MgC0n   +  heat    =    2AfgO    +  2CO. 

magnesium  magnesium  carbon 

carbonate  oxide  dioxide 

167.46  80.12  87.34 

2MgO  +   SiO.  =  2MgO'SiO. 

magnesium        ofiica  magnesium 

oxide  suica  silicate 

80.12  59.96  140.0^ 

The  quantity  of  silica  necessary  to  form  a  magnesium 

monosilicate  is,   when   factored  for  magnesium  carbonate, 

59  96 

'J  -  —  =  .358,  and  when  factored  for  magnesia,  .758.  From 
16/. 46 

the  equations,  1  part  by  weight  of   silica  requires  --'^ 

=  2.792  parts  of  magnesium  carbonate,  and  1  part  by  weight 

80  12 
of  silica  requires      '       =  1.336  parts  of  magnesia. 
59.96 

37.  Aluminum  Silicate. — The  temperature  of  the 
assay  furnace  is  not  sufficient  to  form  an  aluminum  silicate. 
From  the  fact  that  double  silicates  are  more  fusible  than 
sinorle  silicates,  and  that  double  silicates  are  the  ones  usually 
formed,  the  calculations  are  made  for  alumina,  ^/,^„asifit 
was  fusible  as  a  monosilicate.  The  formula  for  a  mono- 
silicate is  2.U,0,'SStOty  from  which  it  is  found  that  1  part  of 

202  88 
silica  requires    ^^7'      =  1.122  parts  of  alumina  for  the  slag. 
1  /9.8o 

and  that  the  factor  for  alumina,  or  the  necessary  amount  of 

silica,  is  ^^^^~  =  ,886. 
202.88 
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Bartum    Silicate. — Barium    is    found   in    gangue 
)eral  ia  the  carbonate  and  sulphate  form.     It  is  usually 
stated  with  lead  ores.     The  two  most  fusible  silicates 
said  to  have  the   formulas  BaO'^SiOt  and  BaO*4SiOtf 
^wever.  since  barium  is  not  alone,  but  is  associated  with 
silicates,  it  may  be  calculated  as  a  monosilicate  having 
formula  2BaO*SiOt.    This   formula   requires   that  for 
of  silica  5,08  parts  of  barium  oxide  be  taken.     The 
factor   for   barium   oxide   in  a  mooosilicate  slag  is 

»  .196. 


139*     Potasslnm    Silicate. — The  basic   potassium    silt- 

ts  are  the  most  fusible,  but,  owing  to  their  fusibility  and 

ihe  fact  that  they  attack  the  crucible,  the  monosilicate  is 

cen  for  assay  charges.    Usually,  potassium  bicarbonate  or 

^tassium  carbonate  are  the  fliiKes  used  to  obtain 'the  silicate 
lired,    and    as    they  contain   carbon  dioxide,   which  heat 

Itpels.  the  reactions  are  similar  to  those  calculated  for 
cium  carbonate: 

AKHCO^  +  heat  =  2K,0  +  ACQ,  +  2M^O 
bicarbonate  potassium    carbon       water 

soda  oxide        dioxtde 

^7.60  1S7J6         \l^m        35.70 


silica 


potfissiuni 
ojtide 


potassmm 
moDosiUcate 
59.90  247.12 


1^7  111 

iFor  each  part  of  silica  it  requires  '^„  *,--  =  3.12  parts  of 

5y.*^o 

p<?t  or  ^-^  -  6.63  parts  of  KffCO,. 
59,96 

[When  the  parts  of  potassium  oxide  tn  an  ore  are  found 
are  to  be  multiplied  by  the  silica  factor  ,^^^-  =  -320, 

40.  SoaUam  Sllleat©*— Sodium  subsilicates  are  the 
>3tt  ftisible,  but  a  monosilicate  of  soda  is  used  in  assaying. 
moderately  high  formation  temperature  does  not  prevent 

reduction   of    the    metals;    in   facti    io    some    smelting 
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operations,  it  is  necessary.  In  assaying:,  therefore,  the 
monosilicate  slag  is  calculated.  The  Na^O  for  the  slag  is 
furnished  as  sodium  bicarbonate,  according:  to  the  equation: 

^NaHCO.  -h  Heat  =  INa^O  +  4CO.  H-  IH^O 

sodium  sodium      carbon       ™af<»- 

bicarbonate  oxide       dioxide       ^»^®r 

333.72  123.28        174.68         35.76 

The  monosilicate  has  the  formula  ^Na^O'SiO^,  hence,  it 

128  28 
requires  r^^  =  2.05  times  as  much  sodium  oxide  as  silica, 

5«7.«70 

and  *^^'---  =  5.56  times  as  much  as  sodium  bicarbonate  as 
59.96 

5996 
silica.     The  factor  for  silica  for  a  monosilicate  will  be  — ^ 

123.28 

=  .486.     The  percentage  of  sodium  oxide  in  sodium  bicar- 

,        ,    .    123.28  X  100       Oft  o^ 

bonate  is      -^;^i~h —  =  36.94. 

333.72 

41.  Liead  Silicate. — As  lead  bisilicate  has  the  fonnnla 
PbO'SiO^,  and  is  an  easily  fusible  silicate;  the  monosilicate. 
however,  is  the  one  adopted  for  calculating  assay  slags. 
The  monosilicate.  2PbO'SiOt,  is  derived  as  follows: 

2PbO  -h  SiO,  =  2PbO'SiO. 
litharge       silica    lead  monosilicate 
442.46        59.96  502.42 

It  requires        '  -  =  7.37  times  as  much  litharge  as  silica 
59.96 

to  form  a  monosilicate,  and  the  factor  for  silicais  -r-irz  =  -l^- 

442.46 

42.  Ferrous  Silicate. — The  subsilicate  of  iron  is  said 
to  make  the  most  fusible  silicate,  but  in  the  following  calcn- 
lation  the  monosilicate  is  adopted.  The  formula  for  the 
monosilicate  is  2/rO'SiOt,  from  which  it  will  be  found  that 
1  part  of  silica  re(]uires  2.38  parts  of  ferrous  oxide,  and  that 
the  silica  factor  is  .410.  The  ferrous  oxide,  FeO,  is  furnished 
by  ferric  oxide,  Fc^O:,,  found  in  the  ore,  and  is  not  added  to 
the  assay  charge  as  a  flux.  Ferric  oxide  consists  of  90  per 
cent.  Fi'O  and  10  per  cent,  oxygen. 
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Before  the  ferric  oxide  is  reduced  to  ferrous  oxide,  a  reac- 
tion  probably  like  that  given  below  takes  place: 

2/r.a  +  C  =   iFeO  +  CO. 

ferric    ^«,k^„     ferrous    carbon 
oxide    caroon      ^^^^^     dioxide 

317.28     11.91       286.52     48.67 

11  91 
One  gram  of  ferric  oxide  will  require  ^r~-^  =  .037  g.  of 
^  317. 2o 

carbon  to  reduce  it  to  FeO.    Charcoal  is  the  nearest  approach 

to  pure  carbon  that  the  assayer  has  at  command. 

48.  Copper  Silicate. — The  formula  CuO'StOt  corre- 
sponds to  the  mineral  chrysocolla;  it  would,  however,  be 
firoper  in  the  case  of  copper  to  use  a  monosilicate  having 
the   formula   2CuO'StOt.     Since   the    molecular  weight   of 

2CuO  is  157.96,  it  will  require  ^^  =  2.63  parts  of  copper 

oxide  for  each  part  of  silica.  The  factor  for  ascertaining  the 
percentage  of  silica  required  to  flux  any  given  quantity  of 
copper  oxide  is  .379. 

44.  Typical  Assay  Slag:s. — A  slag  of  low  formation 
point  (590°  C.)  and  considerable  viscosity  may  be  had  from 
the  mixture  NatO'PdO'iStOt'2BtO,,  which  may  be  written 
PdO  +  4StO,  -h  Na^B^O,,  the  latter  being  sodium  borate,  or 
borax  glass.  By  calculating  from  the  atomic  weights,  the  fol- 
lowing charge  will  yield  this  slag: 

Litharge,  PbO,  221.23  and  ??1^2-?-^i^  =  33.4  g. 

661.59 

Silica,  45/(9.,  239.84  and  ???^^i^  =  36.2  g. 

661.59 

B„r»,^..«.a.|?:|a.a?«L|^J-<»-30.3.. 

Another  slag  with  a  melting  point  of  740°  C,  and  a 
desirable  one  for  aluminous  ores  is 

Na,0'PbO'AKO^'&SiO,'2B,0^ 

This  may  be  written  so  as  to  combine  the  sodium  and 
borax  into  sodium  borate,  Na^B^O,,     Then,  by  calculation 
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from  the  atomic  weights,  the  percentagre  weights  to  be  added 
to  an  assay  charge  are  found  to  be  as  follows: 

Borax  glass,  Na.B,0.,  — ^^^  =  22.7  per  cent. 

Litharge,  PbO,  ^^^^qooc^^  =  25.05  per  cent. 

Alumina,  AUO.,  ^^^l^-^,^^  =  11.4  per  cent. 

ci;^«    cvi    359.76  X  100  '       ^  ^ 

Silica,  StO^, 8Q2~95 ^  ^^^        ' 

45.  Bnllinf^^s  Table. — One  or  more  of  the  bases /IrO, 
CaO,  MgO,  MnO,  BaO,  and  AKO^  are  present  in  nearly  all 
ores,  and  in  all  probability  SiOn  is  present  in  every  ore.  In 
assay  work,  it  is  customary  to  add  PhO  and  Na^O  to  lower 
the  formation  point  of  the  slag.  Table  IV  was,  with  a  few 
exceptions,  arranged  by  Balling  to  simplify  slag  calculations. 
The  table  is  calculated  on  unit  molecular  base  ratios;  for 
instance,  the  first  horizontal  top  line  is  calculated  with  sodium 
oxide  as  the  unit,  and  the  litharge  factor  is  found  by  dividing 
the  molecular  weight  of  litharge  by  the  molecular  weight  of 
sodium  oxide.  In  the  second  horizontal  line  litharge  is  taken 
as  the  unit,  and  the  other  oxides  are  calculated  by  dividing 
their  molecular  weights  by  the  molecular  weight  of  litharge. 

4(>.     Calculation  of  an  Assay  Slai;. — It  is  desired  to 
calculate  the  charge  that  will  produce  a  monosilicate  slag 
having  the  composition  Na^O'PbO'FeO'CaO'2SiOt^  using  as 
the  unit   XaJ)  and  the  parts  of  the  other  bases  given  in 
Table  IV,  and  corresponding  to  sodium  oxide  as  unity. 
The  silica  required  will  be  found  as  follows: 
Na^O,  1         X  .486  =  .486 
PbO,    3.59    X  .136  =  .486 
FcO,     1.16    X  .419  =  .486 
CaO,      .903  X  .539  =  .486 
1.944 
The  silica  can  be  determined  by  figuring  it  for  one  base 
and  multiplying^  that  figure  by  the  number  of  oxygen  mole- 
cules present   in   the   bases.     As   stated   in  Art.  40f  the 
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sodium  oxide  for  assay  charges  is  obtained  from  bicarbonate 
of  soda,  wbich  contains  about  37  per  cent,  of  Na^O\  hence, 

?_>|iOO  ^  2.7  parts  of  NaHCO.  wiU  be  needed.    As  a  usual 

thing,  ferrous  oxide  is  derived  from  ferric  oxide,  which  it  is 
assumed  contains  80  per  cent,  of  /r,^,,  and  17  per  cent. 
of  SiOt.  From  Table  IV,  1.16  parts  FeO  are  required,  and 
since  /vr.O,  consists  of  90  per  cent,  of  FeO  and  10  per  cent- 
of  O,  the   necessary  ore   to   furnish   the   ferrous  oxide  is 

^y^^^  =   1.61  parts. 
.90  X  .80  ^ 

The  coal  used  has  a  reducing  power  of  20  parts  of  lead 

per  part  of  coal;  and  in  Art.  42  it  is  shown  that  it  requires 

.037  part  of  coal  to  reduce  1  part  of  Fe^O».    The  coal  required 

for  the  iron  is  1.61  X  .037  =  .06  part.     Lead  oxide  contains 

92  per  cent,  of  lead,  and  it  is  desired  to  obtain  a  20-g.  lead 

button;  hence,  in  addition  to  the  3.59  parts  for  the  silicate, 

20  V  100 

there  must  be  added  to  the  charge  — ^         =  22  parts  of 

litharge,  or  a  total  of  25.69  parts  of  litharge.  The  coal  used 
will  reduce  20  g.  of  lead  for  every  gram  of  coal. 

The  lime  is  derived  from  calcite  98  per  cent,  pure,  and 
this  contains  approximately  54  per  cent,  of  CaO\  therefore, 
.903  X  100  ^   J  g^  p^j.^g  ^j  ^^j^j^^  ^.jj  ^^   required.   The 

54 
iron  ore  contains  17  per  cent,  of  silica,  and  this  must  be 
deducted  from  silica;  thus,  1.61  X  .17  =  .274,  and  1.944 
—  .274  =  1.67  parts  of  silica  are  to  be  added  to  the  charge. 
Assuming  that  each  part  represents  a  gram,  the  correct 
charge  will  be:  NaHCO.,  2.70  g.;  PbO,  25.59  g.;  /r.ft. 
l.f)l  g.;    CaCC  1.67  g.;  5i0.,  1.67  g.;  charcoal.  1.06  g. 

Let  it  be  assumed  that  an  assay  slag  of  the  composition 
Na^O'Pb(>FeO-CaO'2SiO^  is  to  be  calculated  for  an  ore  con- 
taining 95  per  cent,  of  5/(9,,  taking  as  a  basis  1  A.  T.  ore 
20.  KU)  g.,  or,  say,  30  g.  An  assay  ton  of  the  above  ore  will 
vontain  2^.5  g.  of  silica,  which  is  divided  into  4  parts  to 

28  5 
satisfy  the  bases  present,  thus:   —^  =  7.1  g.,  and  this  will 
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to  stich  an  amouDt  of  each  base  as  will  form  a  mono- 
licate.     Thus; 

7 J  g,  of  SiO,  requires  7.1  X  2.07  =  14.7  gf.  of  Na^O 
74  g.  of  SiO,  requires  7.1  X  7.36  ^  52,25  g.  of  PdO 
7.1  £*  of  SiO^  requires  7.1  X  2.40  ^  17.04  g.  of  FeO 
7.1  g.  of  S(0,  requires  7,1  X  1.86  ^  13,20  g-  of  CaO 


The  bicarbonate  of  soda  required  is 


14  J  X  100 


=  39.6  g. 


ic  litharge  required  is  52.25  4^  22  =  74,25  g.  for  a  20-g, 

1 1  ton.     Assuming  in  this  case  that  the  iron  is  derived  from 

Ideritei  FeCOmt  then  the  percentage  of  FeO  in  a  pure  iron 

17.04  X  100 
62 
lutred,    Assufnlng  that  the  limestone  is  dS  per  cent,  pure, 
13.2  X  100 


irbonate  is  82;   hence, 


^  27  g.   of  FeCO,  is 


M 


=  24.4  g.  of  limestone. 


The  complete  charge  for  1  A.  T,  of  ore  will  be  as  follows: 
UCO,,  24.4  zi  ^^CC  27.0  g.;   PbO,   74.25   g,;  Na//CO,, 
M  g.:  coal,  LOO  g. 

47.  In  the  two  cases  just  given,  the  same  slag  was  pro* 
aced  for  a  basic  and  a  siHctous  ore,  which  brings  out  the 
:t  that  fluxes  are  always  added  of  such  nature  and  in  such 
lantity  as  the  ore  demands  to  produce  a  slag  of  fairly  con- 
il  composition.  In  the  examples,  the  siag  was  Hmited  to 
>ur  bases,  and  the  bases  were  present  in  unit  molecular 
itio;  however,  where  an  ore  contains  numerous  bases,  it 

evident  that  they  are  not  present  in  the  unit  molecular 
itlo,  so  that  the  formula  of  the  slag  would  have  the 
stieral  form 

{aPW,  dNa,0,cFeO,  dAfgO,  eAhO^xiSiO,) 

which  for  a  monosilieate 

ff  +  ^-ff  +  ^+3<f^  2x 

In  order  to  obtain  a  slag  of  comparatively  low  formation 
emperature,  the  less  fusible  bases  CaO,  AfgO^  and  Ai^O^ 

^t  be  in  smaller  proportions  than  those  of  the  more  fusible 
ises  PW,  Na^O,  and  FtO, 
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In  assay  practice,  the  fluxes  added  to  an  ore  cbars^e  are 
limited  to  lithargfe,  sodium  oxide,  and  potassium  oxide,  so 
that  when  a  silicious  ore  is  assayed  the  slag:  approximates  a 
monosilicate  and  borate  of  lithars:e  and  soda. 

48.     Fluxes  for  Quartzlte. — A  quartzite  g^ang^e  rock 

gave  the  following  analysis.     If  the  per  cent,  of  each  base 

is  multiplied  by  the  silica  factor  in  Table  IV,  the  quantity  of 

silica  it  will  flux  is  found. 

Per  Cent. 

vSilica,  SiO, 77 

Lime,  CaO 7 

Potassium  oxide,  /f,0 4.3 

Magnesia,  Afg'O 1.0 

Alumina,  A/,Ot 13 

Ferric  oxide,  FetO% 1.1 

Sodium  oxide,  NatO 7 

Base  Per  Cent. 

A/,0,,  13  X  .881 11.453 

CaO,  .7  X  .539 377 

/r,a,  l.lX  .90X.419 415 

/r,6),  4.3  X  .319 1.372 

Na.O,  .7  X  .486 340 

A/gO,  1.0  X  .758 .758 

Total,         14.715 
The  bases  will  slag  14.715  per  cent,  of  the  silica  in  the  rock, 
leaving  an  excess  of  77  —  14.715  =  62.285  per  cent,  to  be  pro- 
vided for  by  the  fluxes,  soda,  and  litharge. 

If  an  assay  ton,  or  30  g.,  of  ore  is  taken,  then  30  X  •'" 
=  23.1  g.  of  silica  is  in  the  ore,  from  which  23.1  X  H" 
=  o.:'05  g.  of  silica  is  to  be  subtracted,  leaving  19.705  g.  to 

19  70 

be  fluxed  by  sodium  oxide  and  litharge,  or  — ~ —  =  9.85  g. 

for  each. 

0.S5  X  2.07  X  100  ^   551   ^    ^^   NaHCO,.      9.85  X  7.36 

37 
72.0  ^.  of  PbO,  which  added  to  the  litharge  for  a  20-g. 
button  orivcs  a  total  of  94.5  g.  of  PbO.     The  charge  for  a 

monosilicate  slag  would  be: 


i 
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Orb  *  1  A.T. 

NaHCOn 55.1  g. 

PbO 94.5  g. 

Coal 1  g. 

Borax  c^lass  cover. 

49.  Colop  of  Slasrs. — Slags  will  vary-from  a  light  green 
to  black,  according  to  the  proportion  of  ferrous  silicate  in 
them.  When  copper  predominates,  a  red  slag  of  cuprous 
silicate  is  obtained.  Manganese  in  excess  will  give  a  dark 
slag  showing  a  violet  color  on  thin  edges  by  transmitted 
ligfht.  Lime  gives  a  gray  slag,  as  does  also  magnesia  and 
zinc  when  iron  is  absent.  When  lead  silicate  predominates, 
it  gives  the  slag  a  yellow  color, 

60.  Use  of  Borax. — Borax  has  a  solvent  power  on  sili- 
cates and  washes  the  sides  of  the  crucible;  it  also  acts  as  an 
acid  flux.  When  1  g.  of  borax  is  used,  it  should  be  fluxed 
with  1  g.  of  litharge  or  .5  g.  of  sodium  carbonate.  The 
borax  glass  cover  helps  keep  the  slag  fluid  and  prevents  the 
boiling  mass  from  sticking  to  the  sides  of  the  crucible. 

51.  Fulton's  Slags. — The  following  slags  are  readily 
calculated  and  made  up: 

1.  PbO'Na^O'SiO^y  monosilicate. 

2.  PbO'Na^O'2SiO,,  bisilicate. 

3.  2{PdO'Na,0'CaO)SSiO,,  monosilicate. 

4.  2{2PdO'2Na,O'CaO)10SiC  bisilicate. 

5.  2{P^O'PdO'Na,0)2StO.'4B,0,,  siibsilicate. 

6.  {2FifO'2PdO'CaO)SSiO,,  sesquisilicate. 
The  charge  for  a  monosilicate  of  lead  would  be: 

Quartz  ore 5  A.  T. 

NaHCO 39  g. 

PbO 55  g. 

Borax  glass  cover. 

The  charge  for  a  sesquisilicate  would  be: 

Silica  ore 5  A.  T. 

NaHCO. 30  g. 

PbO 38  g. 

Coal 1  g. 

Borax  glass  cover. 
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The  charce  for  a  bisilicate  would  be: 

Silica  ore SAT 

P^O 28^. 

Coal 1^ 

Borax  glass  c6ver. 

For  a  20-2.  lead  button,  22  to  25  g.  of  litharge  is  to  be 
added  to  the  charges  given. 


MIXED  riiUXES 

52,  The  following  are  some  of  the  formulas  for  stock 
crucible  fluxes  recommended  by  different  authorities.  These 
fluxes  have  all  been  thoroughly  tested,  and  while  no  one  of 
them  is  suited  to  all  ores,  any  of  them  will  flux  the  majority 
of  ores  met  with  in  custom  assay  practice.  Special  fluxes, 
adapted  to  particular  types  of  ores,  are  given  in  Art.  56. 
An  assayer  whose  work  is  mainly  confined  to  ores  of  any 
particular  type  or  district  should  calculate  his  flux  or  experi- 
ment with  various  fluxes  until  he  finds  the  one  best  suited 
to  those  ores  and  should  then  stick  to  that  as  his  stock  flux. 

53.  Lead  Fluxes.— The  following  fluxes  are  primarily 
calculated  for  the  fire-assay  of  lead  ores.  They  are  all  good 
general  fluxes,  however,  and  any  one  may  be  used  as  the 
basis  of  a  gold-silver  crucible  flux,  merely  adding  litharge. 

No.  1.     Sodium  bicarbonate    ....  4  parts* 

Potassium  carbonate  ....  4  parts 

Borax  glass 2  parts 

Flour 1  part 

Salt  oorer. 

No.  2.     S.nV.;::v.  V:carbonate    ....  -  13  parts 

IVtAN,^:;:":  carbonate  ....  10  parts 

Kv*^  5  parts 

TVs-  2J  to  4  parts 

*  >  *-.   rV  »'  v,^  V  '^^■^   -^  this  treatise,  the  proportions  of  thecoc      I 
K»r»?cfjfv  *-«^  i'^*^    '  r^^  '^  ^y  weight.  J 
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l(  the  ore  contains  sulphur,  the  proportion  of  flour  may 
[reduced,  or  for  heavy  sulphides  the  flour  may  be  omitted 
tirely.  From  1  to  4  tenpenny  wrought^iron  cut  nails 
>ald  be  added  to  the  charge  for  a  sulphide  before  the  salt 
fborax  cover*  or  the  proper  amount  of  desulphuris&er  added. 

S4»     Oolfl  nnd  811  ver  Crucible  Fluxes- — ^Most  of  the 

Id'Silver  crucible  fluxes  are  merely  lead  fluxes  to  which 

large  has  been  added.     The  amount  of   litharge   added 

lould  be  15  g.  to  give  a  lead  button  weighing  about  10  g, 

rom  a   i-A.-T.  assay.     Any  unreduced  litharge  acts  as  a 

and  goes  into  slag.     If  a  large  amount  of  litharge  is 

|d«  the  reducing  power  of  the  charge  must  be  kept  down, 

|lbat  too  large  a  lead  button  will  not  be  obtained.     A  good 

rge  to  use  is  25  g*  of  litharge,  as  there  is  only  a  slight 

tess  of  litharge  over  the  amount  necessary  to  produce  a 

kg.  button,  and  unless  the  ore  contains  lead,  the  button 

joot  run  much  too  heavy.     A  charge  of  17  g,  of  litharge 

res  a  button  weighing  slightly  over  16  g,— ^he  usual  charge 

lead  fiujc  (without  litharge)  for  a  i-A.-T.  assay  is  about 

g,;  therefore,  if  the  Htharge  Is  to  be  mixed  with  the  flux 

bu]k«   the   proportion  of    litharge  to   lead   flux  is  made 

>ut  1  to  2,  which  is  equivalent  to  10  pounds  of  Htharge  in 

[pounds  of  mixed  flux.     If  a  10-g.  crucible  is  filled  about 

>-thirds  full  of  this  mixed  flux — which  is  about  the  amount 

imonly  used   in    i-A.-T*  crucible    assays — and  run,   the 

puking  button  of  lead  will  weigh  approximately  15  g, — the 

sired  weight.     The  foHowing  flux  is  practically  lead  flux 

%  with  litharge  added  in  the  above  proportion: 
^a*  3.     Sodium  bicarbonate  .....    5  parts 
Potassium  carbonate     .    ,    i    .    4  parts 
Borax   ,,.,.,..,,,    2  parts 

Flour 1  part 

Litharge  .    , 6  parts 

Salt  cover. 

^lojc  No.  3  is  a  typical  general  flux  for  oxidized  ores. 

stilphides,  the  floor  may  be   omitted  and  from  1   to 

lails  added,  according  to  the  amount  and  nature  of  the 
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sulphides  or  the  proper  quantity  of  desulphurizer  calculated. 
In  this  flux  and  similar  fluxes,  the  amount  of  litharg^e  is  kept 
as  low  as  is  consistent  with  the  formation  of  a  lead  button 
of  convenient  size  for  cupellation. 

55.  Another  class  of  fluxes  less  used  employs  a  larsfe 
excess  of  litharge,  using  it  largely  as  a  flux  as  well  as  ao 
agent  for  collecting  the  precious  metals  in  the  charge. 
Fluxes  Nos.  4  and  5  are  types  of  this  class. 

No.  4.     Sodium  bicarbonate 1  part 

Borax  glass 1  part 

Litharge 5  parts 

Ore      1  part 

To  this  charge  sufficient  reducer  (or  niter,  if  the  ore  is 
itself  strongly  reducing)  is  added  to  bring  down  a  button  of 
convenient  size  for  cupellation,  and  a  cover  of  salt  is  put  od. 
(For  reducing  power  of  the  various  reducers,  see  Art.  27.) 
The  oxidizing  or  reducing  power  of  the  ore  should  be  deter- 
mined by  a  preliminary  assay,  adding  a  measured  quantity  of 
reducer  (i  g.  of  charcoal  or  1  g.  of  flour,  for  example)  if  the 
ore  is  known  to  be  oxidizing,  or  even  if  there  is  any  prob- 
ability of  its  being  oxidizing.     The  difference  between  the 
weight  of  the  button  and  the  weight  of  lead  that  would  be 
reduced  by  the  reducer  alone  represents  the  oxidizing  power 
of  the  ore,  if  the  button  is  lighter  than  the  reducer  button;  if 
it  is  heavier,  the  difference  represents  the  reducing  power  of 
the  ore.     For  this  assay,  the  charge  given  in  Art.  31  maybe 
used,  or  to  A.  T.  of  ore  may  be  run  down  with  li  or  2  A.T. 
of  f^ux  No.  4,  covering  the  charge  thickly  with  salt. 

The  great  excess  of  litharge  in  this  flux  renders  it  highly 
corrosive  in  its  effect  on  the  crucibles,  unless  a  large  quantity 
of  silica  is  added.  Another  flux  of  the  same  class,  more 
commonly  used,  approaches  more  nearly  the  proportions 
used  in  fluxes  of  the  first  class  and  largely  overcomes  this 
objection.     It  is  made  up  as  follows: 

No.  ').      Sodium  bicarbonate      ....     3  parts 

Litharo^e      5  parts 

Borax 2  parts 

Reducer  or  oxidizer,  as  in  No.  4.     Salt  cover. 
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[IS0,     The   accompanying    table    (Table   V)    of    crucible 

^rs^es  for  gold  and  silver  ores,  covering  both  general  and 
Kcial  cases,  ts  taken,  with  a  few  unimportant  changes «  from 
irman's  '* Manual  of  Practical  Assaying.'*    The  figures  in 

>Iumn  4  {grams  of  lead  fluic)  refer  more  particularly  Id  lead 
No.  I,  btit  will  answer  just  as  well  for  No.  2  or  any  simi- 
lead  flux*     It  will  be  observed  that  the  lead  flux  forms 

^c  base  of  nearly  all  the  charges*  A  large  excess  of  litharge 
necessary  with  tellurides  in  order  to  oxidize  the  tellurium, 
lich  will  otherwise  be  reduced  and  make  the  button  brittle. 


REFRACTORY-ORE  TREATMENT 

B7.     The  so-called  refractory  ores  are  those  whicht  on 

count  of  impurities*  mix  with  the  litharge,  and  prevent  the 

aid  from  finding  its  way  into  the  button.     Such  ores  are 

ted  with  a  view  of  keeping  the  sulphur,  arsenic,  antimony, 

tellurium  out  of  the  lead  button.     The  oxides  are  also 

sfractory,  and  must  receive  special  treatment*    The  reducing 

jwer  of  sulphides  and  the  oxidizing  power  of  oxides  have 

sen  mentioned  under  the  head  of  Reducers.     The  assayer 

^ter  he  becomes  accustomed  to  dealing  with  such  ores  does 

>t   make  preliminary  assays,  but   from  their  appearance 

idges  the  quantity  of  flux  he  must  add  to  oxidize  the  sulphur 

ad  balance  the  reducing  power  of  the  oxides. 

SS.  The  Common  Sulphides  *~The  common  sulphides, 
lich  are  associated  with  gold  and  silver  ores  and  give  them 
lucjng  powers,  are: 

Pyrite,  FeS,    .    .    .    .  Fe,  A^,l%\  5,  53,3% 

Pyrrhotite,  Fe,S^    .    .  Ft,  60.6%;  S,  39.3% 

Arsenopyrite,  FeAsS.  Ft,  34.4%?  AsA^'^ri     S,  19.6% 

Chalcopynte,  CtiFeS,  Cu,  34.6%;  Fe,  30.5%;  S,  34,9% 

Chalcocite,  Cw,5  Cw.  79.8%;  5,20.2% 

5*,7L8%;  S.28,2% 

Pb.  86.6%;  ^  13.4% 

Z«,67%;  5,33% 

AY.  64,4%;  S,  35.6% 

Co.  35.5%;  As,  45.2%;  5.  19.3% 

a.  68%;  5,42% 


Stibnite»  St^S^ 
Galena,  PbS    .    . 
R^'ihalerite^  ZnS 
Mule  rite,  NiS    . 
Cobaltitej  CoAsS 
Linn£eite»  G?,5» 


l&o- 
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The  methods  adopted  for  detecting  these  sulphides—as  well 
as  the  arsenides,  tellurides,  and  antimonides  that  are  h'kewise 
reducers — may  be  found  in  Blowpiping^  and  Mineralogy, 

59.  ReduclnfiT  Po^wer  of  Sulplildes. — The  quantity  of 
lead  that  sulphides,  arsenides,  etc.  will  reduce  when  asso- 
ciated with  other  minerals  in  ore  can  only  be  determined  by 
preliminary  assay.  The  reducing:  power  of  the  following 
pure  minerals  was  determined  by  litharg^e  and  soda: 

1  s:.  of  pyrite  reduced  12.25  z*  of  lead. 
1  g.  of  pyrrhotite  reduced  8.71  g.  of  lead. 
1  g.  of  stibnite  reduced  7.17  g.  of  lead. 
1  g.  of  chalcocite  reduced  4.38  g.  of  lead. 
1  g.  of  sphalerite  reduced  8.16  g.  of  lead. 
The  following  equation  expresses  the  reaction  that  takes 
place  in  connection  with  pyrite: 

FeS^  +  IPbO  =  FeO  +  2S'<9.  -h  IPb 
119.14       1,548.61      71.38      158.92        1,437.45 

From  this  equation,  1  g.  of  FeS^  would  reduce  13  g.  of  lead. 
The  theoretical  result  cannot  be  obtained  unless  sodium 
carbonate  is  mixed  with  the  charge  to  induce  the  formation 
of  a  sodium  sulphate;  the  reaction  that  then  takes  place  is 
represented  by  the  equation: 

25a  -h  ANaHCO^  =  2Na.S0,  +  2//.0  +  4C0. 
The  theoretical  figures  may  be  approximated  closely  by 
using  the  following  charge  with  pure  pyrites: 

Pyrite 3  g. 

Sodium  bicarbonate 9  g. 

Litharge 90  g. 

While  bicarbonate  of  soda  influences  the  quantity  of  lead 
reduced  by  the  sulphides  present,  it  has  ho  influence  on 
carbonaceous  reducing  agents.  When  silica  is  present  in  a 
sulphide  ore  in  quantities  that  will  form  trisilicates,  no  lead 
is  reduced,  and  little  lead  is  reduced  when  the  silica  is  suffi- 
cient to  form  a  monosilicate  or  a  bisilicate. 

60.  Oxidation  of  Sulphides. — When  an  ore  contains 
more  sulphides,  arsenides,  etc.  than  are  needed  to  famish 
the  required  size  of  lead  button  (20  g.),  an  oxidizing  agent     J 
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reqiaired  to  retDOTe  this  excess*    This  may  be  acconi* 
ished  in  three  ways: 
\1,     By  the  addition  of  potassium  nitrate^  JCNOt, 

By  roasting  the  ores  so  as  to  remove  the  sulphur  by 

idling  it  with  the  oxygen  of  the  air.    ' 
13.    By  the  use  of  iron  oails. 

I  61,     Oxidation  by  ^Uer.--According  to  the  equation 

4Pd  +  2/irJVO,  ^   APbO  +  h\0  -h  JVO  -t  N 
82L40         200.84  S84.02         93,58        29  Jl        13,93 

f,  of  potassium  nitrate  oxidizes  4  z*  of  lead.  The  niter 
lacts  with  the  reducing  agent  before  the  reducing  agent 
ZlB  with  the  litharge,  so  ihat  the  reaction  between  the  two 
I  probably  as  illustrated  by  the  equation: 

eA'AU  +  2/v5,  =  Fe,0,  +  SO,  +  BA^.SO,  +  6Ar 
602.52  2mM         158.64       79.46         619.12         BSM 

I  From  this  equation,  1  g,  of  niter  oxides  ^,^-£^  -  .39  g*  of 

itej  but  1  g,  of  pyrite  in  a  soda>Htharge  charge  reduces 

Z*  of  lead»  therefore.  1  g.  of  niter  will  oxtdis&e  13  X  *39 

6.07  g,  of  lead. 

I  In  an  assay  charge  containing  silica,  the  formation  of  a 

ad  silicate  occur sr  but  when  ferrous  oxide  is  produced  the 

id  silicate  is  reduced,  as  expressed  by  the  equation: 

Pi^SfO,  +  4PW  +  FeS,  =  FeOSiO,  +  2S0,  +  bP& 
In  this  case,  1  g.  of  pyrite  reduces  8*6  g.  of  lead,  and 


of  niter  should  oxidise  -^  X  5.07  =  7.5  g, 


erefore  1   g. 

lead. 

ExAMrLE  — From  a  preliminary  &sflay  it  tias  been  found  that  the 
iacinit  pnwer  of  the  or^  is  5  g,  of  lead  per  gram  of  ore.  How  many 
as  of  tiit^r  must  be  udtied  to  an  mssny  ton  (3D  g.)  of  ore  to  leAVe 
\\f  safficieQt  sulpiride  to  reduce  a  20-g.  button? 

I  SoLLTiON  I ,— Soda-lithiirge  charge:  5  X  30  -  150  g.  of  lead,  and 

130 
).20  =  130  g.   lead  to  be  orMiied:    therefore,  r-^  *  ^6  g.  ot 

RowmoN  2»—Soda-lithaTge'Sillca  charge:  5  X  30  ^  150  g.  of  Itad 
150  — ^  s^  130  g.  of  lead  to  be  o^tdused:  sioce  1  g,  of   niter 
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130 

should  oxidize  7.5  g.  of  lead,  in  this  charge  -7  r  =>  l"-3  g.  of  niter  is 

required.    Ans. 

62.  Oxidation  by  Boasting:. — The  object  of  roasting 
ores  is  to  drive  off  sulphur,  arsenic,  antimony,  tellurium, 
selenium,  etc.  For  this  purpose,  the  ore  is  finely  pulverized 
and  placed  in  a  roasting:  dish.  The  roasting:  dish  is  placed 
in  a  muffle  and  the  heat  gradually  raised.  The  ore  shonld 
be  stirred  with  a  stout  iron  wire,  bent  at  one  end  and  flat- 
tened. When,  on  stirring,  no  more  burning  is  seen,  the 
temperature  may  be  raised  to  a  dull  red  heat.  The  ore  is 
now  a  basic  ferric  oxide,  and  must  be  fluxed  with  suitable 
reagents. 

In  roasting,  the  heat  must  not  be  too  severe  at  first,  in 
order  to  prevent  the  ore  louping  or  becoming  fused;  for,  if 
this  occurs,  a  complete  oxidizing  roast  cannot  take  place. 

If  the  ore  is  placed  where  the  temperature  is  too  hot,  and 
there  is  a  current  of  air,  the  volatilization  will  occur  so 
rapidly  that  fine  gold  will  be  wafted  out  of  the  dish  by  the 
fumes,  particularly  if  arsenic,  antimony,  or  tellurium  is 
present. 

If  all  the  impurities  are  not  removed  during  roasting 
operations,  they  may  have  a  reducing  power;  moreover, 
they  may  carry  gold  and  silver  with  them  into  the  slag. 

63.  Desulphurlzation  With  Nails. — When  ore  con- 
tains a  small  proportion  of  sulphur  and  sufficient  silica  to 
form  a  subsilicate,  it  may  be  desulphurized  by  the  addition 
of  several  twenty-penny  nails  to  the  charge.  The  iron  forms 
an  iron  sulphide,  and  if  more  iron  is  dissolved  than  the  slag 
requires  a  matte  is  formed. 

In  using  nails  to  decompose  sulphide  ores,  the  button  can 
often  be  rendered  soft  and  the  matte  gotten  rid  of  by 
removing  the  nails  about  10  minutes  before  the  crucibles 
are  taken  from  the  furnace,  and  then  raising  the  heat  so  as 
to  render  the  sla<y  thoroughly  fusible  and  as  far  as  possible 
to  decompose  the  matte  at  the  expense  of  the  oxides  in 
the  slag.  If  but  a  small  amount  of  matte  is  formed,  this 
method  will  usually  decompose  it  and  carry  the  gold  and 
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silver  all  into  the  lead.  In  some  cases,  it  is  necessary  to  add 
an  excess  of  litharge  to  the  flux.  The  litharg^e  will  first 
pass  into  the  slag,  and  later,  during:  the  decomposition  of  the 
matte,  the  lead  will  pass  into  the  button  and  the  matte 
become  oxidized  and  its  iron  and  copper  constituents  pass 
into  slag.  If  care  is  taken  in  proportioning  the  charge  and 
too  great  an  amount  of  reducer  is  not  added,  it  is  usually 
possible  to  obtain  a  lead  button  of  about  the  desired  weight; 
for  the  sulphur  will  first  pass  into  the  matte  and  subsequently 
act  as  a  reducer  on  a  portion  of  the  litharge  in  the  charge, 
thus  bringing  the  button  to  about  the  right  size. 

When  matte  forms,  the  lead  button  is  separated  from  it 
with  great  care;  for,  if  the  matte  is  brittle,  a  little  of  it  is 
almost  certain  to  fly  off,  and  become  lost,  and  if  the  ore  is 
rich  this  will  give  low  results.  However,  when  the  matte 
is  separated  from  the  button,  it  is  pulverized  with  the  slag, 
mixed  with  30  g.  of  litharge,  1  g.  of  flour,  more  twenty- 
penny  nails,  sufficient  silica  to  form  a  silicate,  and  covered 
with  borax  glass.  The  button  obtained  is  cupeled  with  the 
first  one,  or,  if  the  combined  buttons  are  too  large,  they  are 
scorified  to  the  proper  size  before  cupeling. 

If  impurities  other  than  sulphur  are  present,  they  will  go 
into  the  matte,  in  which  case  the  matte  and  button  should  be 
scorified  together  without  separation.  In  the  scorification 
assay,  the  undesirable  elements  are  oxidized  and  volatilized, 
thus  passing  off  as  fumes.  The  scorification  method,  how- 
ever, gives  slightly  higher  results  for  silver. 

Another  method  sometimes  followed  is  to  pulverize  the 
matte  and  roast.it  dead,  then  place  the  residue  in  a  scorifier 
with  the  first  button  obtained,  add  silica  test  lead,  cover 
with  borax  glass,  and  scorify. 

If  silica  is  not  added  to  the  matte  or  to  the  roasted  ore. 
It  will  attack  the  crucible,  and  the  slag  will  be  pasty. 
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an::r7'-:z5.  ?:  :hi:  :he  inspection  and  physical  tests  are  not 
rriiilv  naie.  i  l:::".e   ::  ::  is  panned  and  examined  with  a 

—  i-::::-:-^  ^'.^55.  then  blowpipe  and  wet    tests   are  to  be 

—  iir.  Tzr  -iture  ::'  :he  ore  hsving  been  determined,  the 
:i*r.e  :  cr-  I'-ir^ti  ^iven  i:i  .-issiiyifi^.  Part  2,  is  consulted 
::r  i  j-.::L:".r  r.-x.  I:  the  general  composition  of  the  ore 
:ir.r. ::  r-e  ij:er.i:r.ec  by  exan::nation.  one  of  the  stock  fluxes 
:?  :r:e.::  ::  ::  i.e?  ::::  prove  satisfactory,  it  will  at  least  indi- 
.i:r  V  -.ere  :he  difr.culiy  lies  so  that  it  may  be  corrected.  It 
r::^y  re  r.rcessiry  :o  calculate  a  flux  as  explained;  however, 
:r.  rirr  ::  do  :hi>.  if  the  analysis  of  the  gangue  rock  is  not 
^■.ver.  :r.  -.he  table  cf  rock  analysis,  it  must  be  ascertained  by 

,.:Ar.:.:^::ve  analysis.  Such  drastic  measures,  however,  are 
srlrlir.  -ecessary:  if  they  were,  the  cost  of  assaying  would 
re  very  :r.v.:h  higher  than  it  is. 

3.     Mixiuu  the  Charge . — Whatever  method  of  mixing 

ji.  :: .-.jiLle  cb^r^e  is  adopted,  the  mixing  must  be  thorough. 

?.  :1:a:  :*::e  lead  as  it  is  reduced  can  come  in  contact  with  the 

^  :ld  freed  by  i>*.:lverizat:on  and  fusion.     While  there  is  very 

::.■/.. ::  rr:   re  le.id  :han  pold  in  the  ore,  yet  it  is  evident  that  it 

:'. :   :.:::\:.  ,:   ■>  ::   :  :ho rough  the  two  may  escape  each  other. 

y     r    \  A  //..iri^e.  -o:r.e  assayers  put  the  flux  and  litharjre  or. 

v  :  ::  '..J:-  jl::h  and  the  weighed  ore  charge  on  top  oJ 

:".■.>  :■ .     T'::-.-  :v .;:r::.il5  car.  be  thoroughly  mixed  by  lifting  rirs: 

::.   .    ::\-Lr  .."...1  :::e::  another  so  as  to  roll  the  charge  over  and 

v.-.  ..-   iL-^.i/.L-d  when  explaining  the  mixing  of  samples  in 

..  :'..■.:    !.     When  thoroughly  mixed,  the  material  is 

1  ..V      ::  :h.  .rv.jible.  and  the  cover,  with  nails,  if  necessary. 

:<  ..  *.  "..  '..     A:.   :::er  iv-cthod  is  to  put  the  flux  and  litharge 

:  ■  ..  .:/...'  .;'.  .ii:  :  the  weighed  ore  on  top  of  it.     The  irate- 

:  M-  ;.:  ;  :  ■..  v  \:-^':\'.y  stirred  with  a  spatula  to  mix  them,  after 

■.V ■..•...:  :..,:S  ...e  :::>vrted  point  down,  if  the  ore  is  a  sulphide. 

.v.-.l  :'.:•:■::  :":u-  .    vev  or  salt  or  borax  glass  added. 

1.     FiKini;  ilu'  Cliiir^e.  —  If  the  gold  in  the  ore  is  a!' 

0  .  :<:.  •.  ;  :  1  ••.>:•::  i-^  nv»t  so  objectionable  as  where  the  o''. 
i<  :::  c  ;.•.'.  -r^i-L-.:  nr  attached  to  gangue.  With  some  ore>, 
i::l'  -:-^1.i  i>  so  tine  that  it  is  never  set  free  entirelv  within 
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Je  limits  of  fine^crushing  80*  to  200-mesh  screens.     If  the 
lad  settles  through  the  charge  before  the  gangiie  is  suffi- 
ently  decomposed    to  liberate   the   gold»    the   latter   will 
jmain  in  the  slag.     By  a  comparatively  slow  fusion  at  the 
jmmeocement  of  the  heat  it  is  possible  to  delay  the  set- 
fin^  of  the  lead  through  the  charge  until  the  flnx  has  com- 
lenced  to  decompose  the  gangue.    When  the  muffle  is  used, 
should  be  at  a  red  heat  before  the  crucibles  are  inserted, 
id  the  door  is  to  be  kept  closed  except  when  it  is  deemed 
Bcessary  to  open  it  for  inspection*   The  charge  swells  when 
»t  heated  and  it  is  to  be  closely  watched  during  the  first 
or  20  minutes,  to  see  that  it  does  not  boil  over.     If  too 
luch  borax  is  mixed  with  oxidized  ore,  the  charge  will  swell 
id    boil   over;    unfused  borax  is  particularly  bad  in   this 
ispect  on  account  of  the  water  it  contains.    Too  much  soda 
rill  cause  boiling,  and  rapidly  heating  a  charge  of  niter  is 
Imost  sure  to  cause  frothing  over*     If  the  crucible  com- 
mences to  froth  up,  the  boiling  over  can  be  prevented  by 
lecking  the  heat  quickly.     Sometimes,  boiling  over  can 
prevented   by  opening  the  muffle  door  and  keeping  it 
^en  until  the  muffle  has  cooled  down;   or  a  teaspoonful 
)iniiion  salt  thrown    into   the   crucible  will   serve   tlie 
re  purpose;   in  either  case,  the  remedy  is  to  be  applied 
lickly.     The  result  of  an  assay  that  has  run  over  is  not  to 
accented. 

As  soon  as  the  fusion  becomes  perfectly  quiet  and  no  more 
9king  is  heard,  the  fusion  is  completed.  Leave  the  cruci- 
les  in  the  muffle  a  few  minutes  longer,  and  finish  quite  hot, 
1  make  the  slag  perfectly  fluid.  Then,  remove,  and  take  out 
^e  remains  of  the  nails,  if  any  were  used,  with  the  small 
[tcible  longs,  washing  them  in  the  slag  and  tapping  them 
Ightly  against  the  side  of  the  crucible  as  they  are  with- 
Irawu,  to  detach  any  adhering  globules  of  lead*  Next,  give 
le  crucible  a  slight  whirling  motion  by  moving  the  hand 
Ivound  in  a  horizontal  circle:  tap  it  gently  on  ihe  ledge  of  the 
furnace,  to  collect  and  sink  any  fine  globules  of  lead  that  may 
be  held  in  suspension  by  the  slag;  and  then  pour  the  contents 
ato  its  proper  hole  in  the  %varm  mold. 
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5.  Office  System. — If  an  assay  office  is  not  conducted 
according:  to  a  rig:id  system,  endless  trouble  is  certain  to 
result.  From  the  time  a  sample  is  received  until  the  assay 
certificate  is  made  out,  it  must  be  systematically  handled 
and  cared  for  to  prevent  its  being:  confused  with  another 
sample.  If  this  is  not  done,  the  assayer  can  never  be  abso- 
lutely sure  of  his  work. 

6.  Marking^  Samples. — The  pulverized  samples  should 
be  put  into  envelopes,  bottles,  or  boxes,  marked  with  the 
assayer's  number  of  the  sample  or  lot,  the  name  of  the 
sender  or  mine,  the  metals  to  be  determined,  and  any  addi- 
tional remarks  that  may  be  considered  necessary.  It  is  a 
good  practice  also  to  put  the  date  of  receiving  the  sample 
on  the  envelope  or  bottle.  Envelopes  are  much  more  con- 
venient for  samples  than  boxes  or  bottles,  and  are  cheaper 
and  less  bulky.  Special  sample  envelopes  are  made  for  assay 
samples,  which  close  tightly,  without  sealing,  in  such  a  manner 
that  none  of  the  pulp  can  leak  out  nor  any  dirt  find  its  way 
in,  and  at  the  same  time  they  can  be  opened  very  readily 
and  without  damaging  the  envelope.  Large  assay  offices 
usually  have  their  name  and  the  blank  form  for  marking  the 
samples  printed  on  their  sample  envelopes. 

Many  assayers,  instead  of  marking  samples  in  the  manner 
just  stated,  put  only  the  name  and  lot  number  on  the  envelope, 
and  then  under  the  lot  number  in  a  notebook  enter  a  more 
detailed  description  of  the  sample,  its  character,  etc. 

7.  Numbering  Samples. — Assayers  usually  employ 
running  numbers  for  their  samples;  that  is,  the  samples  are 
numbered  consecutively,  and  the  numbers  are  never  repeated. 
This  avoids  confusing  different  samples  from  the  same  per- 
son or  mine. 

8.  Welprhinp:  and  Furnace  Work. — When  weighing 
samples,  a  record  should  be  kept  in  a  notebook  of  the  order 
in  which  the  samples  are  weighed  and  the  quantity  of  pulp 
taken    for    assay.     Number  each  day's  work  consecutively! 
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>iii  1  upwards.     The  same  order  should  then  be  preserved 

II  through  fusion,  cupel lation,  and  parting,  to  the  final  weigh- 

ig  of  the  gold.     This  will  avoid  the  confusion  that  would 

ise  from  the  assay er  losing  track  of  buttons  thai  came 

>in  SBf  particular  ore.     If  a  single  one  of  a  batch  of  assays 

^oes  astray,  tlie  entire  lot  might  as  well  be  thrown  out,  as 

le  assay er  can  never  be  positively  sure  just  which  assays 

out   of  place,  and   a  result   to  which    the   least  doubt 

ttaches  is  worse  than  useless.     In  addition  to  keeping  his 

kssays  in  a  fixed  order  and  to  help  him  in  so  doing,  it  is  well 
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Fig,  1 


Jor  the  beginner  to  mark  his  crucibles  and  scorifiers  plainly, 
several  places,  with  the  numbers  of  the  assays  they  con- 
lin,  using  reddle  (red  ocher)Jn  the  form  of  either  chalk  or 
^aint,  as  it  is  not  affected  by  the  heat  of  the  furnace.     As  a 
further  precaution,  the  numbers  of  the  buttons  can  also  be 
scratched  on  the  sides  of  the  cupels. 

IK     Uandllnir  A^sa^s. — In  Fig,  1   is   illustrated  a  con* 
petiseni  system  of  handling  the  assays  from  the  weighing  of 
ie  charge  to  the  weighing  of  the  gold  and  silver  buttons, 
order  to  avoid  confusion.     The  scheme  is  here  worked  out 
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for  six  duplicate  assays  and  a  two-muffle  furnace;  but  the 
same  principles  are  applicable  to  any  number  of  assays  in 
any  furnace. 

The  charges  as  they  are  weighed  out  are  placed  in  their 
respective  crucibles  or  scorifiers  on  the  cupel  board,  with 
No.  1  at  the  right-hand  back  corner,  and  the  rest  succes- 
sively, as  shown  at  [a).  With  this  arrangement,  the  assayer 
never  has  to  reach  over  already  charg^ed  crucibles  or  scori- 
fiers to  set  assays  in  their  proper  places,  and  thus  run  the 
risk  of  tipping  over  a  crucible  or  brushing^  some  of  the  ore 
off  a  scorifier  charge  with  his  sleeve. 

The  assays  are  carried  from  the  weighing  room  to  the 
furnace  on  the  cupel  board.  The  board  is  set  sidewise  on 
the  bench,  with  Nos.  3  and  6  to  the  front,  as  shown  at  (a). 
and  the  assays  are  put  into  the  muffles  in  the  natural  order 
of  their  positions — those  at  the  front  side  of  the  board  going 
to  the  back  of  the  muffles,  and  vice  versa,  as  shown  at  (M. 
When  the  fusion  is  finished,  Nos.  1  and  4,  which  are  in  front 
in  the  respective  muffles,  are  naturally  withdrawn  first,  and 
are  poured  into  the  back  holes  of  the  mold,  as  at  (r),  bring- 
ing the  assays  once  more  into  the  original  order.  In  the 
cupels  in  the  furnace,  the  buttons  are  again  in  reversed 
order,  as  at  (^),  and  the  cupels  are  drawn  in  their  proper 
sequence,  as  at  {e),  and  carried  to  the  weighing  room. 

10.     To   Heat   the   Muffle.— To  raise   the  heat  of  the 

muffle  rapidly,  build  a  good  fire  under  it,  heaping  the  coal 

well  up  and  allowing  it  to  burn  down  to  glowing  coals;  then, 

as  soon  as  the  muffle  commences  to  show  a  dull  red  heal. 

throw  a  little  charcoal  or  coal  info  tht  viuffle  and  shut  the 

door.    The  coal  in  the  muffle  will  take  fire  from  the  heat  oi 

the  muffle,  and  its  heat  added  to  that  of  the  fire  below  will 

quickly  bring  the  muffle  to  a  good  fusing  heat,  when  the  coals 

inside  may  be  withdrawn   and   the   crucibles   or  scorifiers 

inserted.    A  shovelful  of  burning  coals  from  the  grate  will 

accomplish  the  same  purpose  in  even  less  time.     The  same 

scheme  may  be  employed  in  case  the  heat  should  be  allowed 

to  fall  low  during  fusion.    The  coal  or  charcoal  is  placed  at 
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front  of  the  crucibles  and  are  near  the  muffle  door.    In 
%pclmg>  this  also  assists  in  opening  frozen  cupels. 
The  use  of  coal  in  the  muffle  should  be  avoided,  as  the 

is  liable  to  form  a  sticky  sla^  that  is  troublesome.    The 
le  of  wood  or  charcoal  is  not  so  objectionable. 

11,    AceideutSp— In  spite  of  the  greatest  care,  an  occa- 

lal  accident  is  unavoidable  in  an  assay  office*     Crucibles, 

m6ers»  or  cupels  may  be  spilled,  crucibles  may  boil  over, 

'defective  scorifier  maybe  corroded  through,  or  cupels  may 

rack  and  let  the  molten  button  through  on  to  the  floor  of  the 

muffle.    Litharge  and  oxidising  lead  corrode  the  muffle  very 

rapidly;  if  the  lead  is  left  on  the  floor  of  the  muffle,  it  will 

soon  eat  Its  way  through,  and,  once  started,  the  muffle  soon 

^oes  to  pieces*    Most  slags  are  not  very  actively  corrosive,  but 

ig  is  a  great  nuisance  on  the  floor  of  the  muffle,  even  in  very 

lall  quantities »  as  it  causes  the  dishes  to  stick,  and  if  they 

fe  not  released  very  cautiously,  a  spill  is  liable  to  result. 

The  standard  remedy  for  all  such  troubles  in  the  muffle  is 

>ne  ash.     If  a  vessel  boils  over  or  spills,  remove  it  at  once 

id  throw  in  a  handful  of  bone  ash*     This  will  mix  with  the 

Hag  and  form  a  thick  paste,  which  can  be  readily  removed 

with  a  scraper.     If  any  lead  is  left  on  the  floor  of  the  muffle^ 

ihrow  in  some  more  bone  ash  on  top  of  it.     The  bone  ash  will 

^^sorb  the  litharge  as  it  forms,  and  save  the  muffle  to  a  con- 

^pderable  extent »      It  is  advisable  to  keep  the  floor  of  the 

Snuffle  always  thinly  covered  with  bone  ash;  this  will  afford 

considerable  immediate  protection  in  case  of  spills,  etd  and 

will  also  prevent  dishes  sticking  to  old  slag  spots  on  the 

bottom.  ^^_^_^ 

kCA.IX:U TOTING  ASSAYS 
1 2«  The  calculation  of  the  results  of  gold  and  silver  assays 
a  matter  of  simple  arithmetic*  The  rule  for  the  calculation  of 
the  number  of  ounces  of  precious  metals  per  ton  of  ore  must 
be  kept  in  mind;  the  rest  of  the  calculation  is  mere  muUiplka' 
^on.     The  rule  is  repeated  here  in  the  shape  of  a  formula! 

weight  of  button  in  mg*  t_        ^ 

' — TT   -v^--  ,  ,    „    -  number  of  oz.  per  ton 

weight  of  ore  taken  m  A,  T* 
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For  example,  if  the  button  from  an  A.  T.  of  ore  weighs 
213  mg,  before  parting  and  the  grold  from  parting  weighs 
13  mg.,  the  contents  of  the  ore  in  gold  and  silver  are  figured 
as  follows:  213  mg.  (gold  and  silver)  ~  13  mg.  (gold) 
=  200  mg.,  the  weight  of  silver  in  the  button.* 

Then,  since  there  are  200  mg.  of  silver  from  a  l-A.-T. 
charge  of  ore,  this  value  in  the  formula,  gives  ^  =  200 
ounces  silver  per  ton,  and  the  gold  (13  mg.),  when  trans- 
posed to  the  formula  gives  -4*^  =  13  ounces  gold  per  ton. 

If  i  A.  T.  of  this  ore  is  taken,  the  buttons  will  weigh  half 
as  much  as  the  buttons  from  1  A.  T.;  but  as  the  ore  charge 
also  is  only  half  as  large  as  in  the  l-A.-T.  assay,  the  weight 
of  the  buttons  divided  by  the  weight  of  ore  used  gives  the 
same  result  as  in  the  l-A.-T.  calculations;  thus, 

^  =  100  X  2  =  200  ounces  silver  per  ton, 

6  5 
and  -~  =  6.5  X  2  =  13  ounces  gold  per  ton 

If  only  iV  A.  T.  of  the  ore  were  taken,  the  silver  and  gold 
would  weigh  20  mg.  and  1.3  mg.,  respectively,  and  the 
figures  would  read 

90 

^  =  20  X  10  =  200  ounces  silver  per  ton, 

and  ^-  =  1.3  X  10  =  13  ounces  gold  per  ton 

To 

The  value  of  pure  gold  is  definitely  fixed  at  $20.67  a  troy 
ounce,  and  this  value  is  the  same  in  all  civilized  countries. 
Most  custom  assayers,  however,  figure  gold  at  $20  per  ounce, 
as  this  value  is  much  more  convenient  for  calculation. 

The  value  of  silver  fluctuates  considerably,  and  the  silver 
values  in  an  ore  are  figured  at  the  prevailing  market  price 
of  silver.  In  all  the  calculations  in  these  Sections,  gold  is 
figured  at  $20.67  an  ounce  and  silver  at  60  cents  an  ounce. 
At  these  prices,  the  value  of  the  ore  in  the  preceding 
examples  would  be, 


*For  the  purpose  of  calculating,  the  gold  and  silver  are  considered 
separately,  as  if  they  were  in  separate  buttons,  one  pure  gold  and  tbe 
otner  pore  silver. 
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M:     13  ounces  @  $20,67  per  ounce  =  $268.71 
Silver;  200  ounces  @  $0.60  per  ounce  =    120.00 

Total  value  of  ore  in  gold  and  stiver,  $388.71  per  ton 

L3*  Ores  With  Metallic  Scales*— When  an  ore  coa- 
ls particles  of  metallic  gold  and  silver  too  coarse  lo  pass 
jiigh  the  screen  with    the   pulp,   these   scales    must  be 

layed  separately,  the  amount  of  gold  and  silver  they 
itain  determioed  and  added  to  the  total  f^old  and  t^ilver 
tlie  pulp,  and  the  sum  divided  by  the  number  of  assay 

ns  in  the  entire  sample — pulp  and  scales — to  obtain  the 
il  gold  and  silver  in  each  assay  ton  of  the  sample. 

U  the  sample  is  known  to  contain  metaUic  scales,  it  may 

weighed  before  crushing.    After  the  sample  is  pulvcriscdt 

pulp  and  scales  are  weighed  separately.     Their  combined 

light  should  be  only  a  trifle  less  than  that  of  the  original 
^ple*  if  the  work  has  been  carefully  done.  If  the  scales 
not  show  in  the  lump   sample,  it  would   naturally  be 

ished  without  weighing,  and  the  combined  weight  of  the 

dp  and  scales  would  then  have  to  be  taken  as  the  weight 
the  original  sample,  hence,  care  shoukl  be  taken,  in 
ting  samples t  to  lose  as  little  of  the  sample  as  possible. 

^ihe  bucking  is  carefully  done,  the  loss  of  ore  in  an  ordinary- 
&d  sample  will  be  so  small  that  the  error  in  the  calcula* 
ions  from  this  cause  will  not  be  appreciable. 

tl4.     If  there  is  any  considerable  quantity  of  scales,  thef 
oald  be  scorified  in  the  usual  manner  and  the  lead  but  ton 
peled.    If  there  is  only  a  small  quantity,  they  may  be 
•apped  in  lead  foil  and  cupeled  directly*     The  gold-silver 
tton  is  weighed  and  parted  tts  usual  and  the  gold  weighed. 
(be  weight  of  the  gold  subtracted  (roto  the  weight  of  the 
^tloQ  will  give  the  weight  of  iilver  fa  the  tcalet  from  the 
itire  orjgtual  sample* 

k  15*    The  palp  is  assayed  in  tbe  Qiual  manner  by  eitlier 
Be  scori^catioQ  or  thm  crucible  proeest»  uaing  the  regular 

charge — A,  i,  or  1  A.  T.     Tbe  reaaltt  may  Iheo  be  ealoi' 

laced  as  follows: 


10  ASSAYING  Sfi( 

Let  A  =  weight  of  the  pulp,  in  scrams; 
B  =  weight  of  the  scales,  in  grams; 
C  =  assay  value  of  pulp  in  ounces  of  gold  or  silver 

per  ton  (or  mg.  per  A.  T.); 
D  =  weight  of  the  gold  or  silver  in  the  scales,  in 

milligrams. 

A 
Now,  ^^--^  =  weight  of  the  pulp   in   assay  tons,  and 

=  total   weight  of  sample  in  assay  tons. 


29.166  ^  *^  J  ^^    '    29.166 

numb«r  of  milligrams  of  gold  or  silver  in  the  pulp;  and  if 
the  weight  of  gold  or  silver  in  the  scales  be  added  to  this, 
then, 

A  C     I    r) ._  f total  number  of  milligrams  of 
29.166  I  gold  or  silver  in  entire  sample 

To  obtain  the  weight  of  gold  or  silver  in  1  A.  T.,  divide 
the  total  weight  of  gold  or  silver  in  the  sample  by  the 
weight  of  the  sample  in  assay  tons;  thus, 

29.166 ^  A  C-\- 29.166  D  ^  f  milligrams  of  gold  or  silver 

A-hB  A  -{-  B  Iper  A.  T.  (or  oz.  per  ton) 

29.166 

Example.— Suppose  that  the  pulp  from  a  sample  weighs  107.8  g. 
and  the  scales  weigh  .235  g.  (235  mg.).  If  the  scales  contain  135  mg. 
of  gold  and  60.5  mg.  of  silver,  and  the  pulp  assays  3.28  ounces  of  gold 
and  1.7  ounces  of  silver  per  ton,  what  is  the  total  gold  and  silver  con- 
tents of  the  ore,  in  ounces,  per  ton? 

Solution. — The  complete  solution  is  as  follows: 
^/  =  107.8;  /^  =  .235;   C  =  3.28  for  gold  and  1.7  for  silver;  and 
D  =  1.S5  for  gold  and  60.5  for  silver.     Then, 

29lm  =  £(l  =  3.696  A.  T..  weight  of  pulp. 

and 

A  -\-  B       107.8  +  .235        108.03       o  ^/>^  a    rr,     .  .  ,       .  ,..    «     -,«u 
29.106   =        2<U66        =29166  =  ^'^^  ^'  ^^  ^^^^^  ^^^«^*  ""^"^^^ 
The  total  weight  of  gold  or  silver  in  the  pulp  equals 
AC  A 

29:166  =  29l66  ^  ^  =  ^-^^  ^* 
hence,  for  gold, 

29l66  =  '^'^^^  ^  '"^"^  "  ^^-^^  ^^'  ^^^^  *°  P^^P' 
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AC 
29.166 


3.§ff6  X  1  7  =  6*^^  mz*  sOv«r  iti  pulp 


t  tola!  weight  of  gold  or  silver  id  the  entire  sample  ^  the  weighl 
pulp  +  the  weight  in  the  scales,  or  ^-t;>s  +  ^\  hence,  the  total 

to  the  iample  ^  I2J2S  +  L%  ^  U7.12a  tng.«  a^d  ihe  total  silver 

larople  =  5,2^^^  +  tM>,5  ^  5HJH3  tog. 
«o,  since  the  eatire  sample  weighs  3.70*4  A.  T., 

p  =  30*72  mg.,  total  gold  in  1  A,  T.  of  ore  (or  39 J2  <m.  per  ton): 


^  »  18.03  tug.,  total  sUver  in  1  A.  T.  of  ore  (or  18.03  oz.  per  ton) 

le  preceding  calculations  are  given  m  full  merely  to 
[fate  more  fully  their  principle.  The  same  result  may 
btmioed  with  much  less  work  by  simply  substituting  the 

?s  of  A.  B,  C  and  D  in  the  final  formula  i^^-C±-??ilM^ 

A  +  B 

g.  per  A.  T-,  or  ounces  per  ton;  thus,  for  gold, 

7  J  X  3,28  +  29.166  X  136  _  353.6  +  3,937,4  _  4,29l_ 

108.03 

T 


108.03 
(or  ounce  per  ton)^ 


107,8  +  0,23 
=  39.72  rag.  gold  per  A 
for  sih'er, 

7JB  X  1.7  +  29,166  X  60,5  ^  183,3  +  1J64.5  ^  1.947_J 
108.03  ""  108,03  108,03 

=  18.03  mg*  silver  per  A*  T,  (or  ounce  per  ton). 

L  Horn  silver  (chloride  of  silver)  in  an  ore  may  cause 
ame  trouble  as  metallic  gold  or  silver,  as  it  is  malleable 
Battetis  out  into  scales  instead  of  breaking  up  and  pass- 
through  the  screen  with  the  pulp.  These  scales  are 
ed  just  like  metallic  scales,  and  the  results  are  calculated 
me  manner. 

re  is  only  a  v^ry  small  quantity  of  scales  and  the 
s  are  not  very  coarse,  they  may  be  ground  down  fine 
gh  lo  pass  the  screen  by  placing  them  on  the  bucking 
.  covering  them  with  a  little  of  the  pulp  that  has  already 
d  the  screen,  and  grinding  heavily  for  a  few  minutes. 
sittt  and  if  any  scales  are  still  left,  grind  again  in  the 
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same  way,  and  repeat  until  they  all  pass  throus^h  the  screen. 
Mix  the  sample  with  unusual  care  when  weighins;  oat  the 
charges,  to  make  sure  that  the  scales  are  evenly  distribated. 
This  involves  a  little  more  work  in  the  preparation  of  the 
sample,  but  saves  the  trouble  of  the  extra  assay  and  the 
calculations  necessary  when  the  scales  are  assayed  separately. 


EXAMPLES    FOR    PRACTICE 

1.  Scorification  Assay. — Ore  charges,  -jV  A.  T.  The  gold-sihper 
buttons  weigh  1.72  and  1.76  mg.,  respectively,  and  the  gold  froa 
parting  weighs  0.98  mg.  (a)  How  many  ounces  of  gold  and  silver 
does  the  ore  contain  per  ton?     (b)  What  is  the  value  of  the  ore  per  ton? 

r^\  /Gold,         4.9  01.  per  tos 


Ans. 


W 


I  Silver, 

Gold, 

SUver, 


12.5  oz.  per  ton 
$101 .28  per  ton 
7.50  per  too 


Total,       $108.78  per  ton 

2.  Crucible  Assay.— Ore  charges,  i  A.  T.  Weight  of  gold-silver 
buttons,  2.96  and  2.90  mg.,  respectively.  Weight  of  gold,  1.08  mg. 
{a)  How  many  ounces  of  gold  and  silver  does  the  ore  contain  per 
ton?     (d)  What  is  the  value  of  the  ore  per  ton? 

.  x/Gold. 
W  (silver. 
Gold, 


Ans.< 


1.03  oz.  per  ton 

4.83  oz.  per  ton 

$21.29  per  ton 

(^)  J  Silver,  2.90  per  ton 

Total,  $24.19  per  ton 
'A.  Crucible  Assay. — Ore  charges,  1  A.  T.  Weight  of  gold-silver 
buttons,  0.7H  and  0.81  mg.,  respectively.  Weight  of  gold,  1.34  mg. 
(Buttons  would  have  to  be  inquarted.)  (a)  How  many  ounces  of  gold 
and  silver  does  the  ore  contain  per  ton? 
ore  per  ton? 


Ans. 


(b)  What  is  the  value  of  the 

(a^  l^^^^*     0.670  oz.  per  ton 

^"^\  Silver.  0.125  oz.  pcrtos 

fGold,         $13.a5perton 

0.07  per  ton 


(f,)  J  Silver, 
I  Total. 


$13.92  per  ton 


XoTF— When  the  quantity  of  silver  contained  in  an  ore  is  as  small  asthis.itis 
usually  iirnorcd  entirely  when  calculating  the  value  of  the  ore  and  reported  as  a 
"trace."  Such  small  quantities  of  silver  are  never  considered  in  bnyins:  andseltof 
oris,  and  in  sxich  a  ease  as  the  above,  only  the  jold  would  be  paid  for.  In  assa^kf 
k'ol.l  ores  known  to  contain  so  little  silver  that  it  may  he  safely  nesriected.  it  is  a  coo- 
ninn  pra<  tu  e  to  aii<l  cnoufirh  silver  to  the  assay  charares— in  the  shape  of  silver  ioC 
or  a  small  crystal  of  nitrate  of  silver— to  inquart  the  jold  buttons.  This  silverwfi 
^'o  into  the  lead  hxittons  alontr  with  the  Kold  and  silver  in  the  ore,  and  when  tbefart 
eup«;ed  the  assayer  has  his  buttons  all  ready  to  part,  and  does  not  have  to  takt 
the  risk  of  Ii-sinu  them  in  inquartinirwith  the  blowpipe,  to  say  nothing  of  tbevoifc 
saved.  When  only  the  tfold  is  determined,  it  is  not  necessary  to  weiffh  the  bottotf 
before  partinL^  except  us  a  check  on  the  assaying. 
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Ore  Cenimnirrj^  MetatHr  Scales.     Weight   of   pulp,    138.67   g. 

It  of  ficale§»  I/i:«  g*     Scales  contain  K\2A  mg,  silver  And  H.58  mg. 

The  pulp  is  assayed  by  the  crucible  process,  using  i*A-*T. 
of  ore;  the  gold-silver    bultous   obtained  weigh    107,54    and 

lagM  respectively;  and  the  gold  fmra  parting  weighs  *i.2ti  mg; 
low  many  otjtjces  of   gold  and   silver  does  the  ore  cootain  per 

(b)  Whftt  is  th€  value  of  the  ore  per  ton? 

(^'H  Silver. 


Ans-i 


m 


4,03  oz.  per  ton 
3**4 ,1*0  02.  per  ton 
Hold,     $  83.. '10  per  ton 
Silver,     *2m.h2  per  ton 

Total.  $313.82  per  ton 


SCORtFICATfOK    A3SAT 

IOic|itanarioti  of  8t?oi-ineatloii»— Scorificatlon 
|des  a  combination  of  fusion,  roasting,  sublimation,  and 
|ation«  particularly  oxidation.     The  ore  is  mixed  with 
filiated  lead  and  floats  on  a  iead  bath,  where  snlphur, 
lie,  and  tcUurium  are  removed  in  part  by  volatilization 
oxidatton.     The  lead  begins  to  oxidize  and  carries  with 
%»  a  slag  the  gangue  and  oxides  of  the  non-volatile  metab, 
lis  point f  a  little  powdered  charcoal  io  tissue  paper  is 
Bd  on  the  fusion  by  means  of  tongs,  and  tbis  reduces 
of  the  lead,  which  in  falling  through  the  slag  collects 
Ijold  and  silver. 

ie  scorification  assaf  is  made  in  a  mtiffle,  which  should 

a  temperature  of  at  least  1,000°  C,     The  scorifiers  are 

in  a  hot  place  on  the  furnace  previous  to  their  being 

»ed  into  the  muffle,  the  object  being  to  heat  them  so  that 

tlateniie  heat  of  the  muf!le  will  not  crack  the  dishes. 

Seori  flea  t Ion  Charire* — The  ordinary  ore  charge 

[ihe  scorification  assay  is  i*o  A.  T.  in  2i-  or  2 1- inch  scori- 

Occasionally  t%  A.  T.  is  used.     The  principal  fluxes 

\  lest  lead  and  borax  glass.     Litharge,  and  occasionally 

and  niter,  are  used  in  special  cases  as  covers.     Silica 

to  the  charge  for  a  basic  ore  will  save  the  scoHfier, 

scorifier  charges  for  vartous   ores,  recommended  by 

)EQ,  are  given  in  Table  L     The  charges  are  figured  or> 

51$  of  a  1^  A.  T.  of  ore. 
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Ibout  half  of  the  test  lead  is  put  in  the  scorifier.  {The 
I  need  not  be  weighed,  but  may  be  measured  with  sufficient 
irmy  by  a  shot  measure  or  small  crucible,  the  capacity 
1^ which  is  known.)  The  ore  charge  is  then  weighed  out 
.'brushed  in  on  top  of  this,  and  the  two  are  thoroughly 
with  a  small  spatula.  The  remainder  of  the  lead  is 
put  on  as  a  cover,  and  the  borax  glass  on  top  of  this, 
borax  may  be  added  by  measure  or  by  pinches,  a  little 
tice  enabling  the  assay er  to  guess  sufficiently  close  to 
correct  weight;  however,  if  too  much  borax  is  used,  the 
ig  will  cover  the  bath  of  metal  too  soon.  Duplicate 
^gfaarges  are  always  run,  to  prevent  the  possibility  of  errors 
jKm  carelessness  or  accident  going  undetected*  If  the  ore 
Hlow  grade,  a  number  of  assays  should  be  made,  the  result- 
Hf  buttons  placed  in  a  scorifier,  together  with  a  little  borax 
^ans,  and  then  scorified  to  the  proper  si7.e  for  cupel lation< 
II  the  two  buttons  do  UQt  check  very  closely,  the  assay  should 
repeated. 

[9.    Chargfing  tlie  Muffle.— The  scorifiers  are  charged 

the    hot  muffle,   and    the   door    is   closed    and    kept 

>sed  until  the  charge  melts  down  and  active  scoHEcation 

imences,  when  it  is  opened  to  admit  a  plentiful  supply  of 

If  the  muffle  is  not  hot  enough,  when  the  sconfiers  are 

irged  in»  gold  may  remain  in  the  slag.     The  fused  charge 

displays  a  clean,  mirror-like  surface  of  glowing*  molten 

id,  with  a  narrow  ring  of  slag  around  the  sides  of  the 

jrifier.    This  slag  is  formed  by  the  fusion  of  the  gangue 

the  ore  with  the  borax  and  the  litharge  formed  by  the 

jdation  of  the  melted  lead  in  the  current  of  air  flowing 

rough  the  muffle, 

iO«    Oxldatloti   of    the   Charfte. — ^After   the   door  is 
ened,  oxidation  goes  on  more  rapidly  than  before.     Sul- 
"plmr,  arsenic,  etc*  are  oxidized  by  the  action  of  the  litharge 
of  the  air-curretit,  and  the  fumes  pass  off  through  the 
ling  in  the  rear  of  the  muffle.    Any  metallic  gold  or  silver 
[the  ore  is  immediately  dissolved  by  the  lead  as  it  sinks 
mgh  the  charge.    Compounds  of  gold  or  silver  with  other 
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elements — sulphides,  tellurides,  etc. — are  broken  up  by  the 
action  of  the  litharge,  the  gold  or  silver  and  the  lead  being 
reduced  to  metals  and  sinking  together  into  the  button,  while 
the  oxygen  of  the  litharge  converts  the  sulphur,  etc.  into  gase- 
ous oxides,  which  pass  off  through  the  back  of  the  muffle. 
As  the  oxidation  progresses,  the  slag  ring  gradually  spreads 
inwards  toward  the  center,  until  it  finally  closes  over  the 
top  of  the  lead  button,  preventing  further  oxidation.  This 
marks  the  end  of  the  scorification. 

21.  Pourlnjf  the  Melt. — The  door  is  now  closed  for  a 
few  minutes  and  the  heat  raised,  to  make  the  slag  thoroughly 
liquid;  the  scorifier  is  then  removed,  tapped  lightly  on  the 
ledge  of  the  furnace,  to  settle  any  suspended  shots  of  lead, 
and  the  contents  poured  into  a  mold.  The  mold  should  be 
warmed  beforehand,  or  the  sudden  chilling  may  cause  the 
sla^  to  break  up  before  the  lead  has  solidified  and  thns 
spatter  the  button;  some  of  the  lead,  too,  is  apt  to  chill  in 
small  shots  instead  of  going  into  the  button.  The  slag  shon!d 
be  clean,  liquid,  and  glassy,  and  the  lead  should  all  be  col- 
lected in  one  button  at  the  bottom  and  not  scattered  in  shots 
throuiih  the  slaj^.     This  button  should  be  soft  and  malleable. 

As  soon  as  the  assay  is  cool,  the  button  may  be  separated 
from  the  sla^  by  a  few  blows  with  a  hammer  and  then  beaten 
into  the  form  of  a  cube,  to  make  it  easy  to  handle  with  the 
cupel  toiit;s.  The  buttons  are  now  ready  for  cupellaiion. 
provided  they  are  not  too  large.  The  cubes  should  be  about 
A  inch  on  a  side — this  size  button  will  weigh  about  15  g. 
If  nuich  larjj:er  than  this,  or  brittle,  they  should  be  rescorinec 
with  borax  y^Iass  and  a  little  more  lead,  if  necessary,  and  this 
should  be  repeated  until  they  are  of  the  proper  size  and 
purity.  The  loss  of  precious  metals  is  less  by  this  methixf 
than  where  a  larg:e  button  is  cupeled  directly,  as  the  onlylo>s 
in  scoriticaiion  worth  mentioning  is  through  volatilization, 
and  is  very  small,  while  in  cupellation  the  principal  loss  is 
throu-li  >iiver  beinj^^  carried  into  the  cupel  by  the  litharge, in 
addition  i«»  whicli  there  is  a  loss  from  volatilization  nearly  or 
quite  as  lar<^e  as  that  in  scorification. 
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12*     Scoriricatlon  BI&kb* — Most  metal  oxides  furnish 

^gs  that  leave  a  distinctive  color  on  the  scorifying  dish; 

pper  gives  a  light  green  slag.     Copper  and  irtm  give  a 

tenish    brown,  but   not   quite  a  pinchbeck    brown.     Imn 

^ve&  a  brown  enamel  on  the  scorifier.     Iron  and  copper 

lish  a  brownish -green  slag*     Manganese  leaves  a  yellow 

on  the  dish.     Cobalt  gives  a  dark  blue  enamel,  which 

irary  in  color  according  to  the  qnantiif  of  oxide  in  the 

Chromium  furnishes  a  reddish-brown  slag  of  peculiarly 

lone,     L^ad  gives  a  lemon-colored  enamel  to  the  scori- 

jg  dish.    Nkkel  furnishes  a  chocolate-brown  enameL 


CUPELLiATION 

}3«     Composition    of    Cupels* — Cnpels    are   used    to 

>rb  tlie  litharge  that  forms  when  the  lead  in  a  button 

itatning  gold  and  silver  is  oxidized  in  the  muffle.     Several 

rous  substances  I  such  as  leached  wood   ashes  and  lime 

magnesia,  have  been  tried  for  cupels,  but  none  has  given 

general  satisfaction  of  bone  ash* 

The  bones  for  cupels  are  calcined  and  then  washed  with  an 
leous  solution  of  ammonium  chloride,  A"//»C/.  This 
lets  with  the  calcium  carbonate  and  lime  in  the  bone  and 
19  calcium  chloride,  CaC!^,  which  is  removed  by  water, 
rbon  dioxide,  carbon  monoxide,  and  nitrous  fumes  decom- 
se  below  the  temperature  of  cupellation,  and  if  present  In 
ipel  will  cause  '^spitting''  due  to  little  explosions, 
assay  offices  it  is  customary  to  purchase  cupels,  and  it 
F&nly  in  small  assay  ofBces  and  places  where  supplies  can- 
lOt  readily  be  obtained  that  they  are  made  by  hand.  Those 
icle  by  machine  presses  are  more  uniform  and  dense  than 
)se  made  by  hand.  Cupels  must  be  dried  gradually  and 
^1  hurriedly,  for  if  dried  too  fast  they  will  crack,  and  if  not 
[iroughly  dried  they  will  crack  when  placed  in  the  muffle. 
fcThe  bone  ash  is  wetted  with  10  per  cent,  of  water,  to 
lich  is  added  a  little  molasses,  or  stale  beer,  or  potassium 
rbonate,  KJCO^.  After  a  batch  of  cupels  has  been  made 
thoroughly  dried,  the  cupels  should  be  tested  to  ascertain 
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the  quantity  of  silver  they  will  absorb.  For  this  purpose 
.2  g.  of  pure  silver  should  be  mixed  with  20  g.  of  lead 
in  a  cupel  and  placed  in  the  mufHe.  The  loss  in  silver  should 
not  exceed  2  per  cent.,  and  is  determined  by  weighing  the 
silver  before  and  after  cupellation. 

24.  Cupel  Absorption. — A  good  cupel  will  efficiently 
absorb  just  about  its  own  weight  of  litharge.  As  a  con- 
siderable part  of  the  litharge  from  the  oxidation  of  the  lead 
buttons  passes  oflE  in  fumes,  a  cupel  may  be  safely  used  for 
a  button  somewhat  heavier  than  itself.  It  is  much  better, 
however,  to  have  the  cupel  about  a  quarter  or  a  half  heavier 
than  the  button,  as  a  cupel  nearly  saturated  with  litharge 
absorbs  any  additional  litharge  more  and  more  slowly,  and 
absorption  may  cease  entirely — even  with  some  untouched 
bone  ash  at  the  bottom  of  the  cupel — ^just  at  the  time  when 
absorption  should,  if  anything,  be  most  rapid.  The  bowl  of 
the  cupel  will  usually  hold  more  lead  than  the  cupel  will 
efficiently  absorb.  If  a  large  button  is  being  cupeled,  and 
it  is  seen  that  the  cupel  will  have  difficulty  in  absorbing  all 
the  litharjje,  a  second  hot  cupel  may  be  inverted,  and  the 
cupel  containing  the  button  set  on  this;  cupellation  will  the:] 
proceed,  though  somewhat  slowly,  the  excess  of  litharge 
passing  into  the  lower  cupel.  It  is  much  better,  however, 
to  reduce  lead  buttons  to  the  proper  size  by  scorification  and 
not  take  any  risks. 

25.  Cupellation. — When  the  muffle  has  been  raised  to 

a  red  heat,  the  empty  cupels  are  placed  in  the  front  half  of 
the  nmflUe  and  allowed  to  remain  in  this  position  until  they 
have  attained  the  heat  of  the  muffle.  This  is  also  a  pre- 
cautionary measure  against  spitting,  for  if  the  cupels  have 
not  been  thoroughly  dried  or  if  they  have  absorbed  gases, 
the  lead  button  which  melts  at  326°  C.  would  spit  when  the 
gases  were  expelled  at  a  temperature  between  500^  C 
and  700°  C.  When  the  cupels  have  reached  the  tempera- 
ture of  the  muffle,  the  buttons  are  placed  in  their  proper 
cupels  with  cupel  tongs.  If  the  door  of  the  muffle  is  now 
closed  the  buttons  will  melt  rapidly. 


ASSAYING 


10 


surface  of  the  melted  lead  is  at  first  covered  with  a 

jlack  scum,  composed  of  slag  and  oxide;  this,  however^ 
II  disappear,  provided  the  button  was  comparatively  free 
>m  metalloids   and    the    diilficultly   fusible    base   metals. 
ien   the  lead  reaches   a   temperature  675^  C.  the  scum 
>uld  disappear  and  a  glowing  surface  of  lead  appear.   This 
{called  nnanfering,  or  opening  up,  the  lead  button,  and  when 
occurs  the  lead  is  seen  to  be  in  active  movement,  or  is  said 
\^five^  owing  to  the  rapid  oxidation  that  has  commenced, 
Jttle  flakes  of  litharge  form  and  slide  down  the  convex 
face  of  the  molten  lead  to  the  cupel,  which  being  porous 
lediately  absorbs  them.     In  case  the  temperature  is  not 
low,  crystals  of  litharge  termed  kathfrs  will  form  on  the 
|e  of  the  cupel  toward  the  muffle  door.     If  the  temperature 
loo  low  the  feathers  form  low  down  m  the  cupel,  and  indi- 
ite  that  the  cupel  is  not  sufficiently  hot  to  absorb  all  the 
large;  when  the  temperature  is  about  right  the  feathers  will 
near  the  upper  rim  of  the  cupeL     If  the  draft  is  strong 
^ough  the  muffle,  feathers  will  fornix  even  if  the  temperature 
somewhat  abo\^e  700^  C.     When  the  percentage  of  lead  in 
fusion  is  materially  decreased,  the  litharge  is  thrown  off 
^m  the  button  in  larger  specks,  and  the  molten  metal  assumes 
lore  rounded  forrn^     When  the  last  of  the  lead  goes  off, 
silver-gold  button  takes  a  brilliant  film  of  colors  and  the 
tlon  seems  to  revolve  axially*     The  colors  then  disap|iear, 
bead  becomes  dull  and  then  again  takes  a  silvery  tinge. 
tf  the  temperature  of  the  muffle  is  below  the  melting  point 
silver  (961°  C.)  or  the  melting  point  of  gold-silver  alloy 
F  C.),  or  if  the  cupel  is  withdrawn  from  the  furnace,  the 
id  becomes  suddenly  very  bright  at  the  moment  of  solid- 
b;ition,  owing  to  the  release  of  the  latent  heat  of  fusion^ 
pich  raises  the  temperature  very  much  for  a  short  time. 
den  the  brighteniug  occurs,  the  bead  is  said  to  bllck^  or 
»li.     Stiver  and  gold  beads  containing  small  amounts  of 
copper,  platinum,  and  palladium  do  not  brighten  so 
Mceably  as  pure  gold  or  silver  beads,  and  beads  that  con- 
In  rliodiiim,  iridium,  mthenium»  osmium,  or  osmiridium  do 
at  brighieu  at  all. 
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26.  Temperature  and  Cupellation. — The  heat  of  the 
muffle  during  the  cupellation  of  the  lead  button  from  high- 
grade  silver  ores  is  of  great  importance,  as  silver  is  some 
what  volatile,  and  the  loss  from  volatilization  is  greativ 
increased  by  cupeling  at  a  high  heat-  With  gold  ores,  the 
heat  is  less  important,  as  the  loss  of  gold  from  volatilization 
is  practically  nothing.  As  a  general  rule,  however,  do  not 
carry  the  temperature  of  the  muffle  beyofid  a  good^  strong,  red 
heat  zvhile  cupeling,  and  for  ores  rich  in  silver  keep  the  hat 
down  as  low  as  possible  without  risk  of  ^^ freezing"*  the  buttons. 
With  the  proper  heat,  the  cupel  is  red,  and  the  lead  inside  is 
distinct  and  glows  strongly,  the  fumes  rise  plentifully,  as 
shown  in  Fig.  2  (a),  and  toward  the  end  of  the  operation. 


(«) 


(b) 
Pig.  2 


«•) 


feathers  or  crystals  of  litharge  gather  around  the  sides  of 
the  cupel.  If  the  heat  is  too  high,  the  cupel  appears  white 
hot  and  glowing  and  the  lead  button  is  scarcely  visible, 
while  the  fumes  are  very  thin  and  rise  rapidly  to  the  top  of 
the  muffle,  Fig.  2  (/>),  and  the  lead  may  even  boil.  On  the 
other  hand,  if  the  heat  is  too  low,  the  fumes  will  be  dense 
pnd  heavy  and  sink  to  the  bottom  of  the  muffle,  Fig.  2  (f^: 
the  litharge  will  form  on  the  surface  of  the  lead,  too  thick 
to  be  absorbed  properly  and  not  hot  enough  to  volatilize,  anc 
with  a  tendency  to  crystallize  or  freeze  over  the  surface 
of  the  lead. 

27.  Freozlii^  Point  of  Jjcad. — The  freezing  point  of 
:cAd-silver  will  give  some  idea  of  the  proper  temperature  for 
vV^^Hation.     The  eutectic  alloy  of  lead  and  silver  contains 
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per  cenL  of  silver  and  melts  at  303^  C,  The  meltmg 
It  of  pure  lead  is  326°  C,  and  of  pure  silver  !»2fi^  C, 
Bt  lead  buttons  contain  less  than  1  per  cent*  of  sih^er  and 
Irotild  therefore  melt  between  327'=*  C.  and  303°  C,  and 
lain  oxolten  until  the  button  had  decreased  in  its  origioal 
^etcht  to  the  extent  of  the  total  lead  in  it.  At  this  point, 
ie  temperature  required  to  keep  the  bead  molten  and  pre- 
SQt  its  freerJng  will  rapidly  increase,  and  as  the  melting 
>iiit  of  silver  is  926^  C,  it  must  be  slightly  higher.  It  has 
found  that  700^  C*  is  the  best  temperature  for  the  rapid 
laiion  of  litharge  and  its  ready  absorption  by  the  cupel, 
rem  which  it  is  evident  chat  the  heat  must  be  raised  tow*ard 
ie  end  of  the  cupellation  to  prevent  the  bead  from  freezing, 
^or  a  gold  button  it  should  be  higher  than  the  melting  point 

^f  gold  ium"-'  C). 

ii8.     Fi'DaE€:ii  Hut  tone. — In  case  the  buttons  do  freeze, 
ley  may  be  reopened  by  putting  a  little  charcoal  or  a  small 
^iece  of  wood  in  the  front  part  of  the  muffle  and  closing  the 
loon    The  gases  from  the  wood  or  coal  will  reduce  the 
jllm  over  the  button,  and  as  soon  as  the  buttons  are  opened 
ic  door  of  the  muffle  is  to  be  opened  and  the  wood  or  coal 
irithdrawn.     A  small  piece  of  wood  or  charcoal  placed  in 
le  cupel  will  produce  the  same  result,  but  is  likely  to  cause 
slight  loss  by  spitting.     The  results  from  a  button  that  has 
Een  frozen  and  then  reopened  are  never  thoroughly  trusl- 
irorthy,  howeveti  as  the  reopening  usually  volatilizes  con- 
lid  era  hie  silver.     Care  should  therefore  be  taken  to  prevent 
rcexiug,  and  If  the  buttons  show  the  least  sign  of  it,  the 
should  be  closed  and  the  heat  raised  until  they  are  out 
*ger. 

2y.     sprouting. — Beads  of  nearly  pure  silver,  or  those 

>ntaining   less  than  3.^  per  cent,  of   gold,  sprmi  at   the 

loment  of  solid tfication*  Just  before  the  silver  bead  becomes 

kolid  it  absorbs  oxygen  from  the  air,  the  mastimum  absorp* 

pion    being   abi>ui    twenty-two    volumes.     This   oxygen    Is 

V  expelled  when  the  bead  solidifies,  bursts  throu*^'h 

,A  shell  of  solidified  metal,  forming  a  caulitiower*like 
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growth  on  the  bead.  The  sudden  burstingr  of  the  bead  fre- 
quently throws  fine  particles  of  silver  some  distance  from 
the  beads.  Larg:e  beads  are  more  likely  to  sprout  than 
small  beads.  To  prevent  sprouting,  cover  the  cupel  irtiik 
in  the  muffle  with  a  hot,  empty  cupel  and  withdraw  gradually 
from  the  hot  part  of  the  muffle  to  the  front,  and  after  it  has 
cooled  down  to  the  temperature  of  the  front  of  the  muffle, 
take  it  out,  still  with  the  covering  cupel  on,  and  allow  it  to 
cool  for  some  time  before  removing  the  cover.  The  results 
from  a  sprouted  button  should  never  be  accepted,  as  there 
is  almost  certain  to  have  been  some  loss  in  sprouting. 

30.  Losses  in  Cui>ellation. — When  cupeling  for  silver 
alone  or  for  silver-gold,  it  is  necessary  to  watch  the  end  of 
the  cupellation  and  remove  the  cupel  as  soon  as  the  bead 
has  become  dull.  A  heavy  loss  of  silver  commences  if  the 
bead  is  kept  beyond  that  time  in  the  muffle.  The  gold  bead 
can  be  left  some  time  in  the  muffle  after  the  bead  becomes 
dull  without  any  appreciable  loss. 

It  is  essential  to  good  cupellation  that  there  should  be  a 
cool  drive  and  a  hot  blick,- 

The  bead  when  cold  should  be  white  or  yellow  according 
to  the  quantity  of  silver  it  contains.  It  should  be  round, 
but  if  flat  it  indicates  the  presence  of  foreign  metals.  The 
surface  where  the  bead  is  attached  to  the  bone  ash  should  be 
crystalline,  and  the  bead  should  cling  firmly.  If  the  bead  is 
not  firmly  attached  to  the  bone  ash  or  if  it  has  rootlets,  the 
indications  are  that  lead  is  in  the  alloy.  The  cupel  after 
cupellation  should  be  a  light  yellow  when  cold,  and  show  a 

smooth,  uncracked  surface. 

31.     Extract in^    the 

Bead.  —  As    soon   as  the 

cupels  are  cool,  the  beads 

may    be    removed   and 

^®**  weighed.     For  handling 

the  small  gold  and  silver  beads,  also  called  buttons,  a  small 

pair  of  pincers  are  necessary,  the  sharp-nosed  style  shown 

in  Fig.  3  being  preferable.     The  button  is  grasped  firmly 
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these  and  pulled  loose  from  the  cupeL  Any  litharge- 
iked  bone  ash  adherinor  to  the  bottom  of  the  button  is 
ished  off  with  a  stiff  tooth  brush  or  with  a  small,  cylin- 
doitble-ended  button  brush  made  especially  for  this 

>se,  but  which  is  hardly  as  handy  as  the  tooth  brush. 


12 »     Welgrhliipr  the  Buttons* — Before  starting  to  weigh, 
fe  button  balance  must  t>e  carefully  leveled  up  and  adjusted. 

e;  scale  pans  are  first  removed  {use  the  weight  forceps  for 
purpose;  the  pans  of  the  button  balance  must  never  be 
died  with  the  Angers),  turned  upside  down,  and  shaken 
tappitig  the  back  of  the  forceps,  to  shake  out  any  dust 
traces  of  gold  left  &'om  previous  weighings,  and  then 
placed    in    their    hangers.     Then,    having  adjusted    the 
pancct  place  the  button  to  be  weighed  in  one  pan;  sufficient 
ights  are  placed  in  the  other  pan  to  balance  the  button 
lin  the  limit  of  the  smallest  weight  of  the  set.  and  the 
icing   is   finally  completed  with    the   rider  (or   if   the 
mtton  weighs   less   than  the  smallest  weight  of   the  set* 
the  balancing  is  done  entirely  witli  the  rider). 

Having  found  the  weight  of  one  button,  mark  it  down* 
^■d,  leaving  the  weights  in  the  pan,  remove  the  button 
^nich  has  been  weighed,  clean  the  duplicate  button,  and 
Ifcce  it  in  the  pan  which  formerly  contained  the  one  already 
weighed.  If  the  buttons  are  of  equal  weight,  the  second 
jine  will  exactly  balance  the  weights  already  in  the  panj  if 
Ht,  the  difference  can  be  made  up  by  shifting  the  rider  or 
with  the  use  of  small  weights,  but,  as  a  rule,  a  difference  of 
miicb  as  1  mg*  is  altogether  too  much  unless  the  ore  is 
aely  high  grade  in  silver  or  gold.  For  eicample,  sup- 
Be  an  assayer  wishes  to  weigh  two  duplicate  buttons.  The 
lance  is  in  accurate  adjustment,  the  beam  on  each  side  is 
rided  into  fiftieths,  and  he  is  using  a  l*mg.  rider.  The 
II  button  is  placed  in  the  left-hand  pan,  and  he  finds  thai 
placing  his  10-mg*,  S-mg,,  and  two  2-mg.  weights  iji 
other  paut  he  slightly  overbalances  the  button,  while  if 
replaces  one  of  the  2-mg,  weights  by  his  1-mg.  weight, 
button  side  is  heavier.    Hence,  the  weight  of  the  button 
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must  lie  between  18  and  19  mz*  Leavincr  the  18  mg.  m 
the  pan  and  nsins:  the  rider  on  the  ri^ht-hand  side»  he  finds 
that  he  must  move  it  out  32  divisions  to  exactly  balance  die 
weight  of  the  button;  hence,  he  must  add  If  mg.  or  .64  mr 
to  the  sum  of  the  weights  in  the  right-hand  pto  to  obCtin 
the  weight  of  the  button;'  consequently,  button  No.  1  weighs 
18.64  mg.  The  same  result  would  be  obtamed  by  leaving 
the  19-mg.  weights  in  the  right-hand  pan  and  moving  out  the 
left-hand  rider  until  the  beam  balanced,  which  it  would  do  in 
this  case  with  the  rider  at  18  divisions,  and  subtracting  from 
19  mg.  the  amount  indicated  by  the  rider,  thos 
19  -  .36  ^  18.64  mg. 
As  a  rule,  it  is  best  to  have  all  the  weights  come  as  addi- 
tions;  that  is,  if  the  button  is  in  the  left-hand  pan,  it  shoidd 
not  be  quite  balanced  by  means  of  the  weights,  so  that  the 
weight  indicated  by  the  rider  will  always  be  added,  as  tUf 
may  avoid  mistakes.  Having  obtained  and  recorded  tk 
weight  of  the  first  button,  both  by  reading  the  weighti  in 
the  pan  and  that  indicated  by  the  rider  and  the  weight  indi- 
cated by  the  empty  spaces  in  the  weight  box  and  the  rider, 
the  operator  next  removes  the  button  and  cleans  its  dupli- 
cate and  places  it  in  the  left-hand  pan,  and  finds  on  test- 
ing the  balances  that  No.  2  is  somewhat  heavier  than  No.  1* 
In  other  words,  it  overbalances  the  weight,  and  hence  to 
balance  it  he  moves  the  right-hand  rider  out  slightly.  He 
finds  that  by  moving  it  out  7  divisions  from  the  point  it  for- 
merly occupied,  the  weight  is  exactly  balanced;  hence,  the 
weight  of  the  second  button  is  18  -|-  It,  or  18.78  mg.  Both 
buttons  are  then  dumped  into  their  parting  capsules,  the 
rider  is  returned  to  its  place  and  the  weights  to  the  weigU 
box,  and  the  assayer  is  ready  to  weigh  the  next  set  of  buttons. 
Some  operators  prefer  to  balance  the  buttons  against  eadi 
other,  and  finding  the  difference  by  means  of  the  rider,  add 
or  subtract  it  from  the  weight  of  the  first  button  to  obtain 
the  weight  of  the  second  button;  but  both  this  system  andlte 
use  of  the  rider  on  the  opposite  side  of  the  scale  beam  &oB 
that  on  which  the  weights  are  placed  are  more  or  lets  Mi 
fusing  where  rapid  work  is  required.    As  it  is  nomoc    ' 
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Ifif  for  the  gold-silver  assayer  in  a  large  works  to  be 

ilred  to  run  from  3D  to  40  samples  a  day,  accurately 

tmiining  both  the  gold  and  silver  contents  of  each,  it  is 

Jeut  that  he  must  so  systematize  his  work  that  every- 

ig  will  be  read  as  directly  and  systeniatically  as  possible, 

[other  words,  if  the  weights  are  all  additions   there  is 

ler  any  danger  of  inaking  mistakes,  while  if  some  of  the 

Ights  are  obtained  by  addition  and  some  by  subtraction, 

jre  is  always  a  possibility  of  error, 

IB.     Part iDff.— The  buttons  from  the  cupellation  con- 
both  the  gold  and  the  silver  in  the  ore*     To  determine 
exact  amount  of  each,  the  buttons  must  be  treated  with 
lilute  nitric  acid^  which  dissolves  the  silver  and  leaves  the 
fold   behind  as  a   black   spongy  mass   or  powder,  which 
intes  Its  characteristic  yellow  color  on   heating.     This 
ration   is  called   '* parting,"     The  gold  thus  obtained  is 
flfbed  up,  and  its  weight,  subtracted  from  the  weight  of 
gold-silver  buttons,  gives  the  weight  of  silver  in  the  ore. 
ilicate  buitons,  unless  very  large  and  containing  a  coii' 
crable  proportion  of  gold,  may  be  parted  together,  in 
aer  to  get  a  larger  amount  of  gold  to  weigh  and  thus 
Hfiduce  the  liability  o!  error. 

^^■4«  The  operation  of  parting,  in  detail,  is  as  follows: 
^Ke  buttons,  if  of  any  size,  and  particularly  when  containing 
IBsch  gold,  are  first  flattened  in  a  diamond  mortar  or  by  a 
iblow  of  the  hammer  on  an  anvil,  in  order  to  escpose  as  much 
fsurface  as  possible  to  the  action  of  the  acid.  They  are  then 
placed  in  a  capsule,  which  is  next  filled  about  half  full  with 
ite  Dilric  acid  of  about  1.2  sp,  gr.  (made  by  mixing  equal 
ts  of  strong  chemically  pure  nitric  acid  and  distilled 
ler).  and  placed  on  an  iron  plate  or  piece  of  asbestos,  or 
I  a  platinum  triangle,  over  a  Bunsen  burner  or  alcohol 
le.  If  there  is  enough  silver  in  the  button,  it  will  at 
commence  to  dissolve;  if  not,  the  acid  will  not  attack  it, 
11  will  require  to  be  first  **inquart€d,*'  Assuming  that 
is  a  sufficient  proportion  of  silver,  the  button  will 
idly  dissolve,  the  heat  not  being  allowed  to  reach  tba 
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boiling:  point  until  all  action  has  ceased  and  the  solution  hai 
become  colorless.  If  there  is  no  gold  in  the  buttons,  thej 
will  not  blacken  on  adding  the  acid,  and  will  dissolve  com 
pletely,  leaving  no  residue.  The  partinsf  may  be  stoppec 
at  this  point  and  the  ore  reported  as  containing  no  gold. 

If,  however,  the  button  blackens  on  adding  the  acid,  and 
a  black,  spongy  residue,  or  even  a  small  black  speck  is  left 
on  the  bottom  of  the  capsule  or  floating  around  in  the  sola- 
tion  after  action  has  ceased,  the  solution  is  brought  to  a  boil 
for  a  minute;  the  capsule  is  then  removed  from  the  heat,  and 
the  gold,  if  it  has  broken  up,  should  be  collected  by  gently 
tapping  the  side  of  the  capsule  and  giving  it  a  rotary  motion. 
Very  small  particles  of  gold  may  become  enveloped  in  a 
film  of  air,  and  thus  buoyed  will  float  around  on  the  surface 
of  the  acid  solution,  and  refuse  to  be  sunk  by  tapping  the 
crucible.     In  such  a  case,  "churn"  or  stir  the  contents  of  the 
capsule  vigorously  with  a  glass  rod;  this  will  collect  the 
floating  particles,  and  they  may  then  be  sunk  by  tappiosf* 
All  black  particles  in  the  capsule  must  be  assumed  to  be 
gold  until  proved  otherwise,  and  if  any  black  speck's  show, 
the  parting  should  be  continued  through  to  the  end,  even  if 
there  is  good  reason  to  suspect  that  the  specks  are  din.  A 
little  extra  work  is  many  times  preferable  to  false  assay  returns. 

35.  Having  gotten  all  the  gold  together  at  the  bottom 
of  the  capsule,  pour  off  the  acid  very  carefully  (preferably 
into  another  porcelain  crucible,  so  that  any  gold  which  migbt 
escape  through  accident  may  be  seen  and  recovered),  using 
a  glass  rod  to  guide  the  stream  and  keep  it  from  ninninj 
back  down  the  outside  of  the  capsule.  Then  add  fresh  acid. 
and  boil  for  about  3  minutes.  This  removes  practically 
the  last  traces  of  silver.  The  gold  is  collected  as  before- 
the  acid  poured  off,  and  the  gold  washed  three  times  witi^ 
hot   water.     The  washing  is   done   by  filling  the  capsuled 

*Tlie  practice  in  the  Western  mining  states  is  to  have  the  secow 
acid  of  the  same  strenj^th  as  the  first.  Many  assayers  prefer  to  o* 
two  strenj:(ths  of  acid  for  parting — a  solution  of  about  1.16  sp.pj 
(10  parts  of  strong  acid  to  16  of  water)  for  the  first  heating,** 
another  of  I.2G  sp.  gr.  (16  parts  acid  to  10  of  water)  for  theseom 
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water,  allowing  the  gold  to  settle,  aod  then  pounng 
*  water  oflf  very  carefully.  Remove  the  last  drops  of 
ater  with  a  strip  of  blotting  paper,  being  very  careful  not 
I  lake  up  any  of  the  gold.  Then  beat  for  a  moment  over  a 
Einsen  biimer»  to  drive  off  the  last  of  the  water,  and  finally 
;:e  in  the  muffle  or  over  the  blast  lamp  and  bring  to  a 
red  heat.  The  gold  will  have  assumed  its  oatnra! 
&w  color*  organic  matter  will  have  been  burned  off,  and 
ihe  aid  of  a  magnifytng  glass  any  impurities  can  be 
ly  distinguished.  This  heating  is  called  *'anneaUog/* 
le  annealed  gold  sticks  together  and  can  be  transferred 
^e  scale  pans  of  the  button  balance  for  weighing*  The 
|yer  must  take  great  care  to  get  all  the  gold  out  of  the 
lie,  and  the  weighing  must  be  done  with  extreme  care. 


Instead  of  doing  both  parting  and  annealing  in  the 

slain  capsules^  many  assay ers  prefer  to  part  the  buttons 

5st  lubes,  and  then,  after  washing  the  gold^  to  transfer 

the  capsules  or  to  small  porous  **annealing  cups/*    This 

fees  it  impossible,  however,  to  part  more  than  one  set  at 

Un^e,  as  the  lest  tube  must  be  held  over  the  flame.     The 

is  transferred  from  the  test  tube  to  the  capsule  or 

paling  cup  as  follows:    The  test  tube  containing  the  gold 

led  to  the  brim  with  water;  then,  the  capsule  is  placed, 

3e  down,  over  the  mouth  of  the  test  tube,  and  with  a 

motion  the  whole  is  inverted,  so  that  the  lest  tube  is 

ig  bottom  upwards  in  the  capsule.     The  test  tube  is 

up  until  its  mouth  is  nearly  level  with  the  rim  of  the 

Je.     The  water  is  held  up  in  the  test  tube  by  the  pres- 

of  Ihe  outside  air  on  the  surface  of  the  small  amount 

rater  that  has  flowed  out  into  the  capsule,  and  the  gold 

ss  rapidly  to  the  bottom   of  the  capsule*     As  soon  as 

I  last  black  specks  have  settled,  the  test  tube  is  raised 

geally  until  its  mouth  is  level  with  the  brim  of  ihe 

lie,  and  then  with  a  quick  jerk  slid  off  side  wise,  ihe 

falling  out  as  soon  as  the  tube  is  clear  of  the  capsule^ 

water  is  then  drained  off  from  the  gold  in  Ihe  capsule, 

^viously  described,  and  the  gold  is  annealed  and  weighed. 


28  ASSAYING  556 

37.  Distilled  water  and  nitric  acid  used  for  parting  silver- 
gold  beads  must  be  tested  to  see  that  it  is  free  from 
chlorine,  or  HCL  To  test  for  the  presence  of  chlorine,  add 
a  drop  of  silver-nitrate  solution  to  the  suspected  water  or 
acid,  and  if  a  cloudiness,  caused  by  the  precipitate  of  silver 
chloride,  results,  chlorine  is  present.  To  free  nitric  acid 
from  chlorine,  add  silver-nitrate  solution,  a  drop  at  a  time, 
shaking  the  acid  after  each  addition  and  allowing  the  i»^ 
cipitate  of  silver  chloride  to  settle.  When  a  cloudiness  no 
longer  results  from  the  addition  of  silver-nitrate  solatioo, 
the  nitric  acid  should  be  filtered  or  decanted  off,  to  remove 
the  precipitate  of  silver  chloride,  and  the  pure  acid  trans- 
ferred to  a  reagent  bottle  ready  for  use.  Chlorine  may  be 
removed  from  distilled  water  in  the  same  manner,  but  nsn- 
ally  water  containing  chlorine  is  thrown  away,  it  not  beinj: 
considered  worth  the  time  required  to  eliminate  the  chlorine 
by  AgNO^,  for  a  fresh  lot  can  easily  be  distilled. 

38.  Inquartation.  —  If  a  gold-silver  bead  does  not 
contain  at  least  2^  times  as  much  silver  as  gold,  the  parting 
acid  will  not  completely  dissolve  out  the  silver,  or  it  may 
not  attack  the  bead  at  all,  and  it  becomes  necessary  to  add 
sufficient  silver  to  bring  the  proportion  in  the  bead  up  to 
this  figure.  This  addition  of  silver  to  beads  is  called 
''inquartation,"  from  the  fact  that  it  was  formerly  believed 
that  gold  and  silver  could  not  be  parted  by  acid  if  a  larger 
proportion  of  gold  than  one-quarter  was  present. 

Chemically  pure  (c.  p.)  silver  foil  is  used  for  inquartation. 
A  small  bead  is  usually  alloyed  by  merely  melting  it  oP 
on  charcoal,  with  a  small  piece  of  silver  foil,  by  the  blow- 
pipe. Larger  beads  are  wrapped  up,  together  with  the 
necessary  amount  of  silver  foil,  in  sheet  lead,  and  the  whole 
cupeled  down  in  the  usual  manner.  The  inquarted  beads 
are  flattened  and  then  parted  as  usual. 

If  the  amount  of  silver  in  the  bead  is  not  much  over 
three  times  that  of  the  gold,  the  bead  will  not  break  upii^ 
parting,  but  the  silver  will  dissolve  out  and  leave  a  black 
skeleton  or  sponge  of  gold  of  the  same  shape  as  the  orijfifl*' 
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^ad.  On  annealing,  this  sponge  will  shrintc  somewhat 
id  turn  yellow,  but  will  hold  together  and  retain  its  shape, 
laking  it  very  convenient  for  weighing.     For  this  reason, 

!%man  an  excess  of  silver  as  possible  is  added  for  inquarta- 
>n.     The  experienced  assayer  can  usually  tell  by  the  color 

a  bead  very  nearly  what  proportion  of  gold  it  contains, 
id  he  will  then  weigh  out  enough  silver  to  bring  this  pro- 
irtjon  down  to  about  1  to  3* 

39.  The  weight  of  the  gold  subtracted  from  the  original 
sight  of  the  beads  leaves  the  weight  of  the  silver  in  the 

&ftds<     Thus,    suppose   the   beads  used   in    this   case   are 

rted  and  found  to  contain  together  2.46  mg,  of  gold;  sub- 

icting  this  from  the  combined  weight  of  the  two  beads 

tT.42  mgj  ihe  result  !::  34.96  mg.,  the  weight  of  stiver  in 

^e  two  beads.     The  average  weight  of  the  silver  in  the 

^ads    is»   therefore*        -    ,  or  17,48  mg.,  and  the  average 

Sight  of  the  gold  is    *— ,  or  1,23  mg.    Then,  if  ore  charges 
A 

tV  A*  T*  were  used,  each  milligram  weight  in  the  bead 

TABLE  II 
COLOII    TEMPERATURES 


Color  of  Bead 


^owe?it  red  visible  in  the  dark 
^ark  blood  red  or  black  red  * 
)ark  red,  blood  red,  low  red 
irk  cherry  red   .    .    . 

icrry  red,  full  red    * 

f£ht  cherry,  Light  red 
ige  .   .    .   , 

{ght  orange    . 
fellow 

iffht  yellow 

Thite 


Degrees 

Centigrade 


470^ 


900' 

I  ,poo^ 
i,d8o^ 

1.305** 


Degfe«! 
Fahrenheit 


991  6^ 
I. OS  0-8^ 

M75^ 

1.374^5° 

^549-4'^ 

1.652,0^ 

1,725.8^ 

1.832.0'^ 

1,976.0° 

2,ai>r.o^ 
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represents  10  ounces  per  ton,  and  the  ore  assays  174.8  otmces 
of  silver  and  12.3  ounces  of  gfold  per  ton. 

40.  Scale  of  Color  Temperatures. — There  are  a  num- 
ber of  scales  of  color  temperature:  that  given  in  Table  II  is 
from  White  &  Taylor's  paper  in  the  Transactions  of  the 
American  Society  of  Mechanical  £ng:ineers. 


FIRE- ASS  AY  FOR  TJElAjy 

41.  Fire-Assay  for  I^ead. — In  most  respects,  the  fire- 
assay  for  lead  is  very  similar  to  the  crucible  assay  for  gold 
and  silver.  In  making:  an  assay  for  lead  it  would  be  illogical 
to  add  litharge  to  the  fluxes,  as  that  would  increase  the  site 
of  the  button  and  give  an  uncertain  result.  The  fluxes  with 
the  exception  of  litharge  are  practically  identical  with  the 
general  fluxes  used  for  gold  and  silver  assays,  and  if  litharge 
is  added  can  be  used  for  such  assays. 

42.  I^ead  Fluxes. — The  fluxes  for  lead  ores  are  made 
up  in  accordance  with  the  kind  of  ores  to  be  assayed.  With 
a  little  experience,  the  assayer  will  be  able  to  judge  what 
mixture  to  make  in  order  to  slag  his  ore;  in  general,  how- 
ever, either  of  the  stock  fluxes  given  will  successfully  flux 
most  lead  ores,  without  any  changes  or  additions. 

Parts  by 
Weight 

No.  1.     Sodium  bicarbonate,  HNaCO^ 4 

Potassium  carbonate,  K%CO^ 4 

Borax  glass,  Na^B^Of 2 

Flour      1 

Parts  BY 
Weight 

No.  2.     Sodium  bicarbonate,  HNaCO^    ....    13 

Potassium  bicarbonate,  K^CO^    ....    10 

Borax  glass,  Na^B^Ot 5 

Flour 2i  to  4 

If  the  ore  contains  sulphur,  the  proportion  of  flour  should 

be  reduced,  and  with  lead  sulphide  concentrates  flour  maybe 

omitted. 
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^rom  1  to  4  tenpenny  nails  should  be  added  to  the  charge 
a  sulphide  before  the  salt  or  borax  cover. 

8.     Ijeaa-Assay  Cliarifes, — The   general  practice   in 

United  States  is  to  use  5  g.  of  ore  and  run  duplicates, 
method  is  as  follows:     Two  5-g<  charges  of  ore  are 

ed  in  lO-Z'  clay  crucibles  with  from  15  to  20  g<  of  lead 
flux  apiece  (for  10  g.  of  ore  use  30  g.  flux);  the  assay  is 
then  covered  with  borax  and  the  fusion  is  made  in  the  muffle 
hsmace.  Put  the  crucibles  into  the  muffle  when  it  is  at  a 
low  red  heat,  and  then  gradually  raise  the  heat  to  a  full  red 
at  the  finish.  This  will  avoid  danger  of  boiling  oyer  and 
will  give  higher  results  than  if  the  assay  is  run  very  hot,  as 
there  will  be  less  loss  from  volatiliration*  In  about  20  to 
30  minutes  all  ** cooking'*  will  cease  and  the  charges  subside 
to  a  quiet,  liquid  fusion*  The  heat  is  then  raised  or  the 
crucibles  are  set  back  into  the  hotter  part  of  the  muffle,  and 
fliey  are  left  in  for  a  few  minutes  longer,  in  order  that  the 
sldg  may  become  thin  and  fluid.  They  are  then  removed, 
ped  gently  on  the  edge  of  the  furnace  to  collect  the  lead, 

poured  into  molds* 

Ttio  Button  Treatment. — As  soon  as  the  fusions 
the  molds  are  cool,  they  are  removed,  the  slag  is  broketi 
y  from  the  buttons,  and  the  buttons  are  hammered  out 
lat,  or  if  large  may  be  hammered  into  cubes*  The  hammer- 
iog  will  free  them  of  slag*  They  should  be  soft  and  malle-* 
able.  If  they  are  brittle,  they  contain  sulphur,  arsenic, 
antimony,  bismuth,  or  some  similar  element;  copper  or  iron 
makes  the  buttons  hard;  any  imparity  makes  the  buttons 
iheavter  than  they  should  be*  The  slag  should  be  clean  and 
brittle*  and  should  contain  no  shots  of  lead, 
grhe  bnttons  are  brushed  and  weighed.  They  should  agree 
in  about  i  per  cent,  (25  mg.  on  5*g,  charges).  The 
ghing  is  done  on  the  pulp  balance,  or,  better,  on  the 
lyttcal  balance*  as  no  such  great  delicacy  is  required  as 
ecessjtate  the  use  of  the  button  balance.  The  assay  is 
rtcd  in  per  cent>— that  is,  the  ore  contains  so  many  per 
It,  of  lead*     The  figuring  is  very  simple,  particularly  if 
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5-Z'  charges  are  used.  The  weis:ht  of  the  buttons  is  added 
and  the  sum  divided  by  the  total  weight  of  ore  taken,  gimz 
the  percentage  of  lead  in  the  ore.  For  example,  if  the  bat- 
tons  from  two  5-g.  charges  of  ore  weigh  3.73  g.  and  3.75  g., 
respectively,  the  lead  contents  of  the  ore  are: 
3.73  -f  3.75      7.48        ^.^ 

z =  -TTT  =   .74o 

5  +  5  10 

or  the  ore  contains  74.8  per  cent,  of  lead. 

In  a  ton  of  2,000  pounds,  74.8  per  cent,  of  lead  is  equiTakot 
to  1,496  pounds,  as  1  per  cent,  is  20  pounds.  If  lead  is 
worth  4i  cents  a  pound,  then  the  value  of  the  lead  in  the  ore 
is  $67.32. 

If  the  ore  runs  very  high  in  silver — several  hundred  ounces 
per  ton — the  buttons  should  be  cupeled  and  the  amount  of 
silver  determined  and  deducted  from  the  weight  of  the  lead. 
Small  amounts  of  silver  may  be  neglected. 

45.  Volatilization  of  Ijead. — To  assay  lead  by  the  fi^^ 
assay  and  get  good  results  requires  very  careful  work  and 
considerable  practice.  There  is  invariably  more  or  less  lead 
lost  through  volatilization,  and  the  results  of  the  assay  are, 
consequently,  always  somewhat  lower  than  the  actual  con- 
tents of  the  ore,  unless  the  button  contains  impurities.  How 
to  k6ep  the  loss  as  small  as  possible  is  the  problem  con- 
fronting the  assayer.  If  the  blue  flame  above  the  crucibles 
**jumps,'*  the  muffle  is  too  hot,  and,  unless  the  temperature 
is  immediately  lowered,  the  assay  will  be  defective.  After 
the  blue  flame  ceases,  the  crucible  is  allowed  to  remain  in  the 
muffle  a  short  time  and  the  heat  raised  just  before  pouring. 
It  the  heat  is  too  high,  considerable  lead  is  volatilized;  if  it 
is  too  low,  on  the  other  hand,  the  assay  must  be  kept  in  the 
furnace  longer,  from  1  to  2  hours,  and  as  slow  volatilization 
is  constantly  going  on,  the  ultimate  result  is  apt  to  be  the 
same  as  though  the  heat  were  too  high.  The  proper  heat 
and  time  must  be  determined  by  experiment.  A  number  of 
45isays  of  the  same  ore  with  the  same  charge  should  be  run 
xinder  different  conditions,  at  various  temperatures,  and  for 
s!*.t!crent   lengths  of   time  at  the  same  temperature.     The 
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lliest  result  is  in  alt  probability  the  most  nearly  correct, 

^Y^dedlhe  button  ts  pure  and  malleable;  and  the  conditions 

adcr  which  it  was  obtained  should  be  adopted  for  general 

46,  Lead  Sulphides. ^The  charge  given  in  Art*  44  is 
>T  oxidised  ores^carbonates,  oxides,  sulphates,  etc.  If  the 
^ad  is  tn  the  form  of  a  sulphide  (galena)  or  is  associated 
ith  other  sulphides,  iron  nails  or  wire  should  be  added  to 
le  charge,  as  in  the  crucible  assay  of  sulphide  ores  for  gold 
id  silver,  to  take  up  the  sulphur.  Two  tenpenny  nails  are 
&tially  sufficient.  Potassium  cyanide  may  be  used  as  a 
ssulphurister  instead  of   iron,  but  it  is  very  dangerous  to 

idle  and  is  liable  to  reduce  other  metals  than  lead,  so  that 
aost  assay ers  prefer  to  use  nails. 

Lead  assays  may  be  run  in  the  wind  furnace  if  desired', 
Ithough  the  mu01e  furnace  is  much  more  convenient.  If 
ID  in  the  wind  furnace,  the  crucibles  are  placed  in  the  fur- 
ice  while  the  fire  is  low,  in  order  to  get  a  gradual  heat,  and 
^esh  fuel  is  piled   around   them.     The   fusion  takes  from 

to  25  minutes.  As  soon  as  they  are  quiet  they  may  be 
»moved  and  poured,  and  the  buttons  cooled,  beaten  out, 
ad  weighed  as  before.     The  heat  in  the  wind  furnace  is  not 

readily  controlled  as  in  the  mufi!e  furnace,  and  the  results 

lead  assays  run  in  this  way  are  consequently  less  uniform 
id  reliable  than  those  run  in  a  muMe  furnace. 


EXAMPLES    FOR    FRACmCE 

Ore  charges,  5  g.  each.     Weights  of  bisttons,  2.47  and  2,b  g*» 
ctjvely.     What  is  the  per  cent,  of  lead  id  the  ore? 

Ans.  49,7  per  ceoi* 

Ore  charges ^  10  g,  each-     Weights  of  buttons,  0-93  and  tJ>89  jj.» 
spcctively.     What  is  the  per  cent*  of  lead  in  the  ore? 

Atis*  611.1  per  cci]L 


34  ASSAYING  {» 


FIRE-ASSAT  FOR  COPPKB 

47.  Assay  of  Copper  Ores  for  Gold  and  SllTer. 
The  assay  for  copper  in  ores  is  much  more  quickly  and  aocih 
rately  performed  by  the  wet  method  of  assaying:  than  by  the 
dry  method.  When  it  is  desired  to  ascertain  the  quantity  of 
g:oId  and  silver  in  a  copper  ore  or  matte,  it  is  usually  better 
to  employ  the  fire-assay.  The  preparation  of  the  ore  for 
assay  is  similar  to  that  described  for  g^old-silver  ores; 
namely,  crushing,  bucking,  sifting,  and  weighing.  Several 
methods  of  making  these  assays  have  been  suggested  by 
different  experimenters,  most  of  them  based  on  the  quantity 
of  copper  in  the  ore. 

48.  Cruel  bio  Assay  of  Copper  Ores. — The  gold  in  a 
copper  ore  can  be  determined  by  crucible  assay  if  the  copper 
does  not  exceed  15  per  cent,  of  the  ore.  Assume  that  the 
copper  ore  taken  for  assay  weighed  i  A.  T.,  or,  say.  log.. 
and  that  the  ore  contained  10  per  cent,  of  copper,  in  oxide 
form.  Then,  15  X  .10  =  1.5  g.  of  copper,  but  metallic 
copper   is   but   63   per  cent,    of    copper    oxide;    therefore, 

•^  ^        =  2.38  per  cent,  of  copper  oxide  in  the  ore.    From 
63 

Halling's  table,  the  parts  of  silica  required  to  form  a  copper 

monosilicate  are  .379  and  .379  X  2.38  =  .9  g.  silica  required 

to  flux  the  copper  oxide.     The  remainder  of  the  charge  can 

be  taken  from  a  2eneral  formula,  for  example: 

Lithargfe 20  g. 

Sodium  bicarbonate 20  g. 

Flour 1.6  g. 

Borax  cover. 

-19.  C'opper-Sulphlde  Ore. — In  case  there  is  less  than 
1')  per  cent,  of  copper  in  a  sulphide  ore,  nails  may  be  used 
iov  (lesulphurizinjj  or  a  small  quantity  of  niter.  The  button 
v»btained  is  scorilied  with  silica,  test  lead,  and  borax  to 
.enu)ve  the  copper,  after  which  the  button  from  the  scorifier 
IS  ».upeled,  weig:hed,  parted,  annealed,  and  weighed.  The 
v^poration  differs  little  from  the  regular  crucible  assay  for  gold. 
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Fir©- Assay  of  liow-Orttde  Copper  Ores. — If  the 
low  grade,  a  Dumber  of  assays  are  made,  the  resulting 
lUons  scorified  to  remove  the  copper  and  reduce  them  to 
^e  proper  size  for  cupeling.  In  case  the  ore  contains  suJ- 
lUTt  it  is  roasted  to  remove  the  sulphur,  and  after  it  is  cool 
imonium  carbonate  is  added.  The  charge  in  this  case 
joiild  be: 

Ore .       iA.T. 

Litharge    .  1    A.  T. 

Sodium  bicarbonate  1    A*  T, 

Silica      .    UA.  T. 

SaJt  cover. 
In  case  the  ore  is  not  roasted,  the  sulphur  must  be  oxidized 
niteft  using  about  25  g.  for  i-A.-T*  ore  and  a  salt  coven 

51.     8coH fixation  Assay  of  Copper  Ores  or  Matt>es. 

this  case  there  are  two  separate  assays:  one  for  gold 
id  one  for  silver. 

In  the  case  of  gold,  ten  scorification  assays  are  made  in 
|jfich  scorifiers  with  the  following  charge: 

Ore       ,    .  JA,T. 

Test  lead  70  g. 

Silica        .,.....,    1  g.  to  save  the  scorifier 
Borax  glass  .    .  .    .    ,    1  g.  for  slag 

Test  lead  cover. 
After  fusion,  the  slag  is  poured  from  all  scorifiers,  and 
le  buttons  rescori6ed,  with  an  addition  of  test  lead  and  a 
ttle  borajc.     Two  scorifier s  are  combined  and  poured  into 
lolds  and  the  buttons  &om  *2  A.  T.  of  ore  are  placed  tn  one 
>rifi€r  with  50  g.  of  test  lead  and  some  borax.     These 
ittons  are  scorified  to  about  a  30-g*  button ^  then  cupeled, 
and  parted  in  the  regular  way, 

62,    Assay  of  Matte  for  Silver-— The  assay  for  silver 

a  combination  method.     Four  portions  of  ore  or  matte 
reighing  each  .5  A,  T.  are  placed  in  IS-ounce  beakers^  and 
di.isolved  in  90  c,  c.  of  water  and  25  c,  c,  of  nitric  acid, 
len  the  action  becomes  slacks  add  an  additional  25  c.  c. 
^concentrated     nitric    acid.      When     the     copper    is    all 
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dissolved,  add  5  drops  of  concentrated  hydrochloric  acid,  stir 
vig:orously  with  a  glass  rod,  and  allow  the  solution  to  stand 
over  night  to  permit  the  silver  chloride  to  settle.  Filter 
through  double  filter,  wash  two  or  three  times,  bum  filter  on 
2-inch  scorifier,  and  add  25  g.  of  test  lead,  and  a  pinch  of 
borax  glass,  scorify  until  half  covered,  pour  the  15-g.  button, 
cupel,  and  weigh. 

FIRE-ASSAY  OF  TELL.URIDK6 

63.  Crucible-Assay  of  Tellurldes. — Tellurium  min- 
erals, such  as  petzite,  sylvanite,  and  calaverite,  are  readily 
decomposed  by  litharge,  with  the  formation  of  a  lead-silvcr- 
gold  alloy  and  tellurous  anhydride,  7>6>,.  The  scorification 
assay  for  tellufides  is  now  seldom  used,  owing  to  the  loss 
that  occurs  by  reason  of  volatilization.  The  crucible  assay 
is  far  more  reliable,  and,  when  properly  carried  out,  as 
accurate  as  the  wet  assay. 

The  best  results  from  experiments  were  obtained  with  a 
crucible  charge  as  follows: 

Ore      iA.T. 

Litharge 3A.T. 

Sodium  bicarbonate a  A.T. 

Horax  glass 5  g. 

Salt  cover. 
Neither  niter  nor  iron  is  used  as  an  oxidizer  and  during 
the  earlier  stages  of  firing  the  temperature  is  to  be  kept  low. 
or  until  the  gases  have  nearly  ceased  escaping  from  the  melt. 
The  buttons  obtained  are  rather  large,  owing  to  the  desire  to 
collect  all  the  gold  in  the  ore,  and  in  all  cases  they  should  be 
soft  and  malleable. 

5  t.      Assaying   Tellurlde    Slants   and    Cupels.— With 

the  charge  o^iven.  the  loss  of  gold  in  the  slag  was  very  littie: 
however,  tellurium  ores  new  to  the  assayer  should  have  an 
assay  run  of  the  sla<j,  to  ascertain  if  loss  occurs.  It  h^ 
been  toiuul  by  experiments  made  that  the  greatest  loss  occurs 
(huin-  cui)ellation,  and  that  this  loss  is  both  by  absorptioD 
and  hv  volatilization. 
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When  cupellatioo  takes  place  at  a  low  temperature,  with 

le  formation  of  considerable  feathered  Hthargei  the  loss  by 

>latiltzation  is  so  smalt  that  it  may  be  disregarded;  but  when 

tpellation  takes  place  at  a  higher  temperaturci  volatilbation 

materially  increased. 

The  charge  used  by  Hilderbrand  and  Allen  for  assaying 

from  telluride  assays  was: 

Litharge •    •  1  A.  T, 

Argol 2  g. 

Slag .,,,..,,.,,  J  A,  T. 

Salt  cover. 
The  charge  for  assaying  cupels  from  the  cupellatioa  of 
pad- tellurium  buttons  was: 

Litharge 2  A.  T. 

Soda     .    .    , 1  A.  T. 

Borax  glass     *   ,    . •   •   .    ,   L6  A.  T. 

Argol  ,*...........-,..*  2  g. 

Cupel  material       .    *   .   , i  A*  T, 

Salt  coven 

CORRECTED  ASSAYS 

55.  Assay  of  Slags* — In  case  rich  ores  are  assayed^ 
jme  gold  and  silver  is  likely  to  he  left  in  the  slag»  for 
ehtch  reason  the  slag  is  pulverized  and  remelted  with  suit- 

able  fluxes.  Ores  that  contain  much  ferric  oxide  or  many 
letalHc  oxides  are  likely  to  retain  gold  and  silver  in  the 
lag  owing  to  thetr  high  fusibility.     This  may  be  explained 

^f  stating  that  lead,  which  is  the  collecting  agent,  sinks 
irough  the  pulp  and  pasty  slag,  before  the  ore  has  become 

|o  fluidly  slagged  that  the  lead  can  reach  the  gold*  Ores 
intatning  silver  will,  if  they  contain  zinc,  arsenic,  antimony, 

aod  tellurjutn,  leave  some  silver  In  the  slag. 

S6*  Assny  Chareres  for  Blair®. — Charges  should  vary 
>rdjng  to  kind  of  slag  assayed,  and  this  can  be  fairly 

^tennined  by  the  color  of  the  slag.     If  one  A.  T.  of  ore 

||iaken  for  assay,  the  pulverized  slag  if  basic  should  have 

added  and  be  thoroughly  mixed  with  1  A.  T.  of  litharge. 
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1  g.  of  flour,  and  a  borax  cover.  If  the  ore  was  acid,  then 
silica  is  to  be  omitted  and  a  small  quantity  of  soda  added  to 
the  charg:e  given.  Scorification  slags  need  only  a  little  flour 
and  borax. 

57.  Assay  Cliar^es  for  Cupels. — To  assay  a  cupel, 
remove  and  pulverize  the  saturated  part.  The  phosphates 
present  in  the  bone  ash  make  the  slag  from  cupels  pasty, 
but  this  can  be  corrected  by  fluorspar  or  borax.  The  pul- 
verized cupel  is  mixed  with  50  g.  of  litharge,  30  g.  of  sodium 
bicarbonate,  and  30  g.  of  borax  glass.  The  mixture  is  fused 
in  a  crucible,  poured,  and  the  resulting  button  cupeled. 

In  some  cases,  the  cupel  and  slag  are  pulverized  and  fused 
together,  suitable  fluxes  being  used  for  the  purpose. 


PULTINUM    A8SAT 

58.  Fire- Assay  of  Platinum. — The  following  are  given 
as  the  shortest  accurate  methods  for  the  determination  of 
platinum  without  the  use  of  an  oxyhydrogen  blowpipe.  When 
carefully  conducted,  they  compare  favorably  with  the  long 
and  tedious  wet  methods.  The  material  to  be  assayed  may 
be  conveniently  divided  as  follows: 

1.  Low-grade  platinum  ores,  often  containing  consider- 
able quantities  of  iridosmium. 

2.  Russian  ores,  with  about  80  per  cent,  platinum.  These 
are  treated  with  mercury  before  they  are  sold. 

3.  Platinum  alloys,  containing  silver,  gold,  etc. 

4.  Platinum  foil,  crucibles,  etc.  often  containing  iridium, etc. 

In  the  first  case,  the  ore  must  receive  a  preliminary  treat- 
ment to  concentrate  the  platinum;  this  can  be  done  by  panning 
down,  where  the  platinum  is  in  grains,  or  by  fusion  of  2  or 
4  A.  T.  with  litharge,  etc.,  as  in  the  crucible  assay  of  a  low- 
grade  gold  ore,  which  collects  the  platinum  in  a  lead  button. 

The  chief  difficulty  in  the  assay  of  Russian  ores  is  to  secure 
an  accurate  sample.  To  obtain  this,  melt  a  large  quantity  of 
the  ore,  20  to  50  g.,  with  six  times  its  weight  of  test  lead 
until  the  platinum  has  alloyed  with  the  lead;  this  may  be 
done  in  a  scorifier;  then  pour,  detach  the  slag  carefully,  as 
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ie  resulting  biittoti  is  brittle,  and  wci^h  the  lead-platlnum 
lloy.  Pulverize  in  a  mortar  and  weigh  out  portious  for 
ssay.  When  the  assay  is  finished,  the  platinum  in  the  lead 
lUst  be  recovered. 


59*  FIrBt  Method  for  Ptatiunui,  Gold,  Iridium^  and 
Irldosniltin^« — Take  the  lead  button  or  platinum  alloy  of 
;ich  a  quantity  as  shall  contairi  about  100  mg.  or  platinum, 
id  scorify  at  a  high  heat  with  40  g*  of  test  lead  until  the 

ig  covers  oven  then  pour  into  a  mold,  and  when  cold 
Mtimer  to  detach  the  slag.  The  button  should  weigh  about 
g,^  and  will  be  malleable  if  it  contains  less  than  5  per 
tnt.  of  platiQum. 

Place  the  button  in  a  large  beaker  with  200  c,  c.  of  nitric 
rid  1.08  sp,  gn  and  heat  until  all  action  ceases;  then  filter 
trough  a  smsill  ashless  filter  paper,  and  wash  the  residue  of 
fcad,  goId»  platinumi  iridium,  etc*  with  water  once  or  twice, 
ransfer  the  paper  to  a  porcelain  capsule,  dry,  and  then  ignite  in 
le  muffle  with  the  door  open  for  10  minutes  to  oxidize  the 
gad  remaining  with  the  gold,  etc.  After  cooling,  heat  to 
>iling  with  1,08  sp,  gr.  nitric  acid  for  several  minutes, 
scant,  wash  thorotighly  in  the  capsule,  dry,  anneal,  and 
feigh  the  gold,   platinum,   iridium,   and  iridosmium. 

Replace  in  the  capsule,  and  warm  with  dilute  aqua  regia 
[1:5)  for  a  few  minutes,  which  readily  dissolves  the  gold  and 
latinum  in  the  finely  divided  state  in  which  they  are  left* 
}ecant  into  a  small  beaker,  ignite,  and  weigh  the  residue* 

To  separate  iridium  from  iridosmium,  boil  the  residue  with 

rong  aqua  regia,  decant,  and  wash;    the  final  residue  is 

losmium. 

Evaporate  the  filtrate  containing  gold  and  platinum  just  to 
iryness  to  remove  chlorine  and  nitric  acid,  but  do  not  bake, 
as  chloride  of  gold  will  be  reduced;  dissolve  in  water,  add  a 
5W  drops  of  hydrochloric  acid,  and  precipitate  the  gold  by 
rarming  with  crystals  of  oxalic  acid  for  half  an  hour,  fiher, 

id  weigh  the  gold^or,  better,  cupel  with  silver  (three 
imes  the  weight  of  gold)  to  remove  filter  ash^part  with 
line  acid  as  usual,  and  weigh  gold  after  annealing.     This 
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treatment  would  also  remove  any  trace  of  platinum.  The 
platinum  is  estimated  by  difference,  or  may  be  precipitated 
as  (NH^)nPtCU  after  destroying  the  excess  of  oxalic  acid. 

If  an  ore  contains  Ft,  iridosmium,  Os^  Ir^  Pd^  Ru^  Rk, 
Ag,  Au,  Cu,  Fe,  and  SiO^,  the  scorification  with  lead  removes 
iron  and  silica,  as  well  as  most  of  the  copper,  and  volatilises 
some  osmium.  The  first  treatment  with  1.08  nitric  acid  dis- 
solves most  of  the  lead,  all  of  the  silver,  copper  if  present, 
palladium,  and  somerhodium,leaving/W,/V, /r(^«,/?A,  (75?), 
Au,  and  iridosmium.  The  second  treatment  with  nitric  acid 
after  ignition  takes  out  the  remaining  lead.  Dilute  aqua 
regia  dissolves  gold  and  platinum,  leaving  iridosmium, 
iridium,  and  some  of  the  Ru^  Rh^  and  Os  present. 

60.  Second  Method  for  the  Determination  of  Base 
Metals  and  Silver,  Gold,  Platinum,  and  Iridosmium. 

This  method  takes  advantage  of  the  solubility  of  platinum  in 
nitric  acid  when  alloyed  with  at  least  12  parts  of  silver. 

The  button  or  platinum  alloy,  containing  from  100  to 
200  mg.  of  platinum,  is  cupeled  with  sufficient  silver  to 
prevent  freezing — this  should  be  five  or  six  times  the  plati- 
num present — the  heat  should  be  very  high  at  the  end,  and 
the  button  should  be  allowed  to  remain  in  the  muffle  for 
several  minutes  after  brightening  to  remove  lead  as  com- 
pletely as  possible,  even  if  some  silver  is  lost.  After  allow- 
ing: for  the  silver  added,  the  loss  in  weight  is  base  metal. 
The  button  is  hammered  as  usual,  rolled  out,  and  the  silver 
dissolved  by  boiling  for  several  minutes  with  concentrated 
sulphuric  acid;  the  residue  is  washed,  annealed,  and  weighed; 
the  loss  minus  the  silver  added  gives  the  silver;  the  residue 
is  oroid,  platinum,  iridosmium,  etc.  To  the  residue  twelve 
times  its  weight  of  silver  is  added  and  the  mixture  cupeled 
with  lead;  the  resulting  button  is  hammered,  rolled  out,  and 
parted  with  nitric  acid  1.16,  then  with  1.26  sp.  gr. 

One  such  treatment  will  not  remove  all  the  platinum,  so 
that  the  operation  must  be  repeated  or  the  boiling  with  acid 
prolonged  until  the  residue  no  longer  diminishes  in  weight. 
Unless  this  precaution  be  observed  the  gold  will  be  too  high. 
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*e  residue  of  gold,  iridosmmm,  etc*  is  weighed  and  the 
>ss  from  the  previous  residue  determined  as  platinum.     It 

then  treated  with  dilute  aqua  regia  to  dissolve  the  gokl, 
Eld  the  final  residue  of  iridosmium  is  obtained. 

In  this  melhod,  oo  account  is  taken  of  the  other  metals 
jlwdys  associated  with  platinum.  Palladium  dissolves  with 
kc  silver:  jridiiim  is  left  with  the  iridosmium  if  the  aqtia 
tg'ifl  used  is  dilute  ( 1  to  5)  and  only  heated  gently;  if  stronger 
cid  is  used,  the  indium  will  dissolve  with  the  gold, 

01 «  Reniarkf^  on  PLutluuiu  Aseays.  Some  very  pure 
platinum  foil  assayed  by  the  first  method  gave  99.70  per 
em.  of  platinum* 

The  following  results  were  obtained  on  an  alloy  contain- 
ig  lead,  silver,  gold,  platinum,  iridium,  and  iridosmium: 

If  W  Aff^l/wt/.-  Pi,  as  ( NH, )  .PtCi.,  10.53  and  10.30 per  cent.; 
\ut  by  oxalic  acid,  3.42  and  3.424  per  cent* 

First  Mtthod:  Pi,  10*44  and  10.43  per  cent-;  Au,  3*456  and 
Ab  per  cent,;  /r,  .5  per  cent*;  irOs,  .65  per  cent. 

\ Sscand  Mtthmti     { Residue  not  retreated) : 

Platinxtm       Gold 
Percent.   PbeCk?<t 
Ratio  of  silver  to  residue.  13  to  1         10,02  4,88 

Ratio  of  silver  to  residue,  19  to  1     .    10.20  4.70 

Iridoamitmi *    .    ,       .22 

These  results  are  inserted  to  show  the  necessity  for  the 

modifications  described  under  the  second  method. 

Platinum  if  present  in  an  ore  to  the  extent  of  a  small  per- 

itage  of  the  gold  and  silver  will  not  be  noticed  unless 

Bcially  tested  for,  as  it  dissolves  in  the  nitric  acid  with  the 

iver.     If  present  in  greater  quantity  the  button  will  freeze 

ctipellation  before  all  the  lead  has  been  oxidized,  and  the 

£ad    will    have   a  white,    frosted    appearance »   sometimes 

trembling  a  cauliflower. 

The  addition  of  cadmium  to  an  alloy  containing  platinum 
ad  silver  renders  the  platinnm  insoluble  in  nitric  acid.     This 
is  made  use  of  for  the  determination  of  silver  In  gold 
allion  coQtaininGT  platinum. 
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CONTROL   ASSAYS 

62.  The  price  paid  by  mills,  smelters,  or  sampling 
works  for  ores  is  fixed  or  controlled  by  the  result  of  assays 
run  independently,  by  different  assayers,  on  duplicate  sam- 
ples from  eacn  lot  of  ore.  Such  assays  are  aptly  named 
control  assays y  or,  briefly,  controls.  The  only  way  in  which 
they  differ  essentially  from  ordinary  assays  is  in  the  extreme 
care  taken  in  sampling  and  assayins:,  in  order  to  insure  per- 
fect justice  to  both  the  shipper  and  the  works.  The  follow- 
ing: are  the  details  of  the  method  commonly  adopted  in  the 
Western  mining  states. 

63.  Sampling:  Controls. — When  the  ore  comes  into 
the  mill  or  smelter,  the  entire  lot  is  crushed,  if  necessary, 
and  a  sample  of  from  5  to  10  tons,  according  to  the  size  of 
the  lot,  is  cut  out,  usually  by  an  automatic  sampler,  or  by 
quartering,  or  by  the  use  of  the  split  shovel.  (Small  lots  of 
ore  are  not  cut  down,  but  the  entire  lot  is  treated  in  the  same 
way  as  the  sample  from  a  larger  lot.)  This  sample  is  further 
cut  down  in  the  same  manner  to  200  or  300  pounds. 

This  last  sample  is  crushed  quite  fine  by  fine-crushing  rolls 
or  by  a  sample  grinder,  and  is  then  cut  down  to  about  2  or  3 
pounds  by  quartering  or  by  the  use  of  a  tin  sampler,  or  riffle. 
This  is  the  final  sample.  The  whole  of  this  sample  is  ground 
down  to  100  mesh  and  screened. 

The  pulp  is  very  thoroughly  mixed  by  rolling  on  a  rubber 
mixing  cloth,  and  the  sample  is  then  divided  into  four  equal 
parts  by  quartering  or  by  the  riffle.  These  are  the  control 
samples,  and  should  weigh  from  8  to  12  ounces  each.  They 
are  put  into  separate  sample  envelopes,  of  which  each  mill 
has  its  own  printed  form.  Each  envelope  is  sealed  with  the 
seal  of  the  works,  and  is  marked  with  the  mine  number,  the 
name  of  the  mine,  and  the  mill  or  lot  number.  The  shipper 
is  then  criven  his  pick  of  the  samples,  generally  taking  two. 
another  is  kept  by  the  mill  for  assay,  and  the  remaining 
sample  is  stamped  or  marked  with  the  word  ** Umpire"  and 
retained  by  the  mill,  to  be  assayed  by  a  third  party  in  case 
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assays  of  the  shipper  aitd  the  mill  fail  to  agree  within 
^^asonable  limits.    The  shipper  sometimes  also  writes  or 
staiiips  bis  name  on  the  envelope  containing    the  umpire 
^sample.     Some  works  divide   their  6nal   sample  ioto  five 
irts*  so  that  both  the  shipper  and  the  works  can  have  two 
imples,  in  addition  to  the  umpire  sample. 

1 64.     Assay lu|^  for  Settlement.— The  shipper  takes  one 

his  samples  to  the  mine  assay er,  if  the  mine  employs 

le,  oT\  if  not,  to  any  reliable  custom  assay  office,  and  has 

assayed,  while  the  mill  assayer  assays  the  sample  kept  by 

mi!!.     They  then  compare  results,  and  if  they  check 

^asonably  close — say  within  3  or  4  points  (a  "point"  is 

ounce,  or  20  cents  per  ton,  in  gold)  on  an  ore  carrying 

or  more  per  ton  in  gold^they  ** split/*  or  average,  the 

ssults,  and  the  ore  is  paid  for  on  this  basis.     For  example, 

the  mine  assay  shows  the  ore  to  contain  2*06  ounces  of 

jld  and  the  mill  assay  gives  2.02  ounces  of  gold  per  ton, 

ae  shipper  is  paid  for  the  average,  or  2.04  ounces  of  gold 

ftr  ion* 

If,  however,  the  two  assays  do  not  check  within  these 
lioiits,  both  assayers  repeat  their  work*  If,  after  repeating, 
they  stilt  disagree,  and  particularly  if  the  mine  assay  is  high, 
the  umpire  sample  is  sent  to  some  disinterested  and  reliable 
isayer  agreed  on  by  both  parties  concerned,  and  hts  result 
usually  taken  as  Bnal.  If  he  does  not  check  with  either 
the  other  assay ers,  however,  the  shipper  may  demand 
bat  the  lot  be  resampled  or  may  send  his  ore  elsewhere,  as 
is  always  held  until  the  assays  are  satisfactorily  completed 
ad  the  shipper  has  been  paid  for  it,  before  treating, 

^65*  Control  Assiiylngr,~The  assays  may  be  ran  by 
ler  the  scorifier  or  crucible  assay,  using  tV,  i,  or  l-A.-T. 

larges,  according  to  the  grade  and  character  of  the  ore, 
The  assaying  is  done  in  the  usual  manner,  tut  with  great 
CAfe.  Many  assayers  prefer  to  use  20-g.  crucibles  for  4-A.-T* 
charges,  or  to  take  double  the  number  of  1-A,-T*  charges  in 
10-g.  crucibles,  In  order  to  have  room  for  a  considerable 

Icess  of  flux.     Bach  assayer  has  his  own  way  of  checking 

145—50 
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his  work.  A  good  scheme  is  to  run  three  charges  and  part 
two  buttons  together  and  the  third  separately  as  a  check. 
If  the  work  has  been  well  done,  the  gold  from  the  two  but- 
tons should  weigh  almost  exactly  twice  as  much  as  that 
from  the  single  button.  If  it  does  not,  there  is  something 
wrong  and  the  assay  should  be  repeated.  In  parting,  it  is 
best  to  use  the  first  acid  quite  weak — about  1  in  5 — and  the 
last  acid  strong. 

The  results  of  control  assays  are  calculated  as  in  ordinary 
assays,  with  gold  at  $20  an  ounce  and  silver  at  the  market 
price.  ^^^^__^ 

BULLION  ASSAYING 


BA8E    BUIililOX 

66.  Nomenclatupe  of  Bullion. — Bullion  is  uncoined 
gold  and  silver,  or  foreign  coins  that  are  to  be  remelted.  In 
metallurgy  considerable  latitude  is  given  to  the  word  bullion; 
for  instance,  gold  or  silver  amalgam  is  termed  bullion;  retort 
^old  is  termed  bullion;  pig  lead  from  furnaces  is  termed 
base  bullion;  copper  bottoms  from  copper  furnaces  that  con- 
tain j^old  and  silver  is  copper  bullion.  The  silver-gold  alloy 
resulting  from  the  cupellation  of  argentiferous  lead  is 
termed  clore  bullion.  Bullion  in  which  gold  predominates 
is  termed  fine  bullion,  and  is  the  product  resulting  from 
refining  dore  bullion.  The  purity  of  bullion  is  denoted  by 
parts  in  1,000,  that  is,  instead  of  saying  a  bullion  is  99  per 
cent,  pure,  it  is  said  to  be  990  fine,  meaning  that  out  of 
1,000  parts,  090  are  pure  metal  and  10  parts  impurities. 

07.  Base-Bullion  Sampling. — In  smelting  gold  and 
silver  ores,  over  8  per  cent,  of  the  charge  is  lead  ore,  and 
this  collects  the  ^old  and  silver,  the  same  as  litharge  collects 
them  in  a  crucible  assay.  Frequently,  the  lead  and  silver 
arc  very  much  in  excess  of  the  gold,  and  the  lead  very  much 
in  excess  of  the  silver.  In  order  to  ascertain  the  value  of 
the  base  bullion,  it  is  necessary  to  sample  and  assay  it  for  the 
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ve  metals.    The  samples  are  taken  from  the  bars  of 
hy  means  of  a  steel  punch  similar  to  a  harness- 
's punch,  but  larger  and  heavier.    This  punch  is  driven 
half   way  through  the  bars,  taking  out  cores  about 
in  diameter.     Two  sets  of  samples  are  taken  from 
ar,  one  from  the  top  and  one  from  the  bottom » toward 
ite  sides  and  ends*     When  sampling  a  lot  of  bullion, 
rs  are  usually  sampled  in  bunches  of  five,  as  follows: 
1^  five  bars  are  laid  side  by  side  on  the  sampling  plat« 
as  shown  in  Fig.  4, 
me  sample  is  taken  ^     ifi 

each  bar,  starting  at 
iitside  upper  or  lower 
r  and  working  diago-  |o  o 

[across,  the  samples 
taken   out  at   the 
s  indicated    by   the 
pircles.  Then  the  bars 
prned  over,  and  a 
id  set  of  samples  taken  out  in  the  same  order,  but 
g  from  the  opposite  end  of  the  first  bar  and  working 
the  other  diagonal.     In  the  figure,  the  positions  of 
nch  holes  in  the  lower  sides  of  the  bars  are  indicated 

R  circles, 
he  samples  from  the  entire  lot  are  melted  up 
her  in  n  clay  or  graphite  crucible,  care  being  taken 
he  heat  does  not  rise  to  a  point  where  the  lead  begins 
pel  or  scorify  (volatilize),  as  any  reduction  in  the  pro- 
DU  of  lead  in  the  bullion  is  equivalent  to  an  increased 

-j  proportion  of  precious  metals,  and 

PI     cij  the  resxijts  would  therefore  be  too 

1 1 1  high.     As  soon  as  the  sample  is  per- 

^'"  ^  fectly  fluid,  it  is  thoronghly  stirred 

c 
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clean  iron  rod^  and  then  poured  into  a  mold  and  cast 
thin,  flat  bar.  10  to  18  inches  long,  about  3  inches  wide, 

or  f  inch  thick.  The  samples  for  assay  are  taken 
this  bar  either  by  punching  out  pieces  from  the  endf 
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and  sides,  as  shown  in  Fig.  5,  or  by  punching  out  pieces  at 
intervals,  diagonally  across  the  bar,  or  cutting  strips  right 
across  the  bar.  These  samples  should  each  be  approxi- 
mately of  the  weight  required  for  the  assay,  usually  i  A.  T. 
Four  samples  are  usually  taken  from  each  bar. 

69.  Cupeling:  Base  Balllon. — One-half  A.  T.  is  accu- 
rately weighed  out  from  each  sample.  Each  i-A.-T.  sample 
is  then  cupeled  separately,  the  cupellation  being  conducted 
exactly  as  in  ordinary  ore  assays,  with  as  low  a  heat  as  is 
practicable.  The  cupels  should  always  show  **feathers." 
If  the  bullion  is  impure — if  it  contains  considerable  quanti- 
ties of  impurities  besides  lead,  such  as  copper,  arsenic, 
and  antimony,  or  sulphur — it  should  be  scorified  down  with 
a  little  borax,  and  if  very  impure,  a  little  test  lead,  before 
cupeling.  The  cupels  should  be  moved  back  into  the  hotter 
part  of  the  muftle  just  before  **blinking,"  and  should  then  be 
withdrawn  gradually,  to  prevent  sprouting.  A  sprouted 
button  should  always  be  rejected. 

As  soon  as  the  cupels  are  cool,  the  buttons  are  removed. 
brushed,  and  weighed.  The  weights  should  agree  very 
closely  say  within  half  an  ounce  on  bullion  running  2iXi 
ounces  of  silver  to  the  ton. 

70.  (■ornet  Rolls. — The  object  of  cornet  rolls  is  to 
llatten  the  button  so  that  it  may  be  more  readily  attacked  by 
acid  when  parting.  They  are  not  an  absolute  necessity  but 
are  a  ^reat  convenience,  for  otherwise  the  button  must  be 
tlattened  out  on  an  anvil.  Braun's  cornet  rolls  are  2}  inches 
in  diameter,  with  a  face  I4  inches  wide,  made  of  hardened 
steel,  with  the  face  ground  perfectly  true.  They  are  operated 
by  j^ears,  and  are  adjusted  to  different  thicknesses  of  comets 
by  tlie  j:\ckscrew  above  the  rolls.  The  entire  machine  is 
14  ii.elus  hi^^h,  weighs  58  pounds,  and  is  listed  at  $35.  The 
fued-plaies  to  and  from  the  rolls  prevent  the  comet  from 
droi>}MnLr  to  the  lloor  or  bench^ 

71.  Parting:  l^iiilion. — The  parting  may  be  performed 
in  a  porcelain  ca])sule,  but  on  account  of  the  size  of  the  but- 
ton it  is  better  to  use  a  parting  flask,  of  any  one  of  the  fonns 
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^^own  in  Fig.  6.  Two  btittotis  are  placed  in  each  flask  and 
jm  20  to  :30  c,  c,  of  dilute  nitric  acid,  L16  sp.  gr.  {21^  Baum^) 
ided*  This  is  boiled  until  the  silver  is  dissolved,  and  then 
jntinued  until  the  red  fumes  disappear.  Shake  the  flask 
jtly  to  collect  the  gold  and  then  pour  the  acid  off  carefully, 
ring  the  gold  in  the  flask.  Fresh  acid  of  1.26  sp.  gr, 
12**  Baum<J),  or  about  40  per  cent,  concentrated  nitric  acid, 
placed  in  the  flask  and  the  acid  boiled  as  before*  By  boil- 
l£  a  second  time,  the  silver  is  more  completely  removed.  It 
ts  been  ascertained  by  Hilderbrand  and  Allen  that  more 
lan  two  boilings  in  acid  are  necessary  to  eliminate  all  traces 
If  lead  and  silver  from  a  button.     Miller  states  that  by  boil- 


ig  in  acid  concentrated  to  L42  sp.  gr.  gold  is  dissolved  in 

jpreciable  quantities.     This   would  probably  occur  if  the 

:id  used  was  impure,  that  is,  contained  hydrochloric  acid. 

sver*  it  has  not  been  definitely  established  that  loss  6f 

occurs,  although  it  has  been  definitely  established  that 

lore  than  two  washings  and  boilings  are  needed  to  obtain 

irc  gold  in  bullion.     If  acid  of  1.26  sp.  gr.  will  not  remove 

the  impurities  from  the  bead,  then  stronger  acid,  either 

iBb  or  1.46  sp.  gr*»  should  be  used  for  the  third  washing.    It 

iras  found  by  experiment  that  no  decrease  in  the  weight  of 

le  button  occurred  after  the  third  washing,  indicating  that 

ic  bead  w^as  about  pure  gold*     To  prevent  the  acid  from 

impmg  and  spurting  during  boiling  insert  a  small  glass 
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tube  in  the  acid  or  a  bit  of  charcoal  or  one  or  two  charred 
beans.  If  the  acid  is  heated  nearly  to  boilins:  before  the 
bead  is  dropped  into  it,  the  s:old  is  not  so  apt  to  be  broken 
up  into  fine  particles,  by  the  action  of  the  acid. 

After  boiling,  the  gold  is  washed  three  times  with  distilled 
water,  and  is  finally  transferred  to  a  porcelain  capsule  or  an 
annealing  cup,  dried,  annealed,  and  weighed.  The  weights 
of  gold  from  the  two  sets  of  buttons  should  check  very 
closely,  and  if  they  do  not,  two  more  samples  shonld  be 
assayed.  Their  results  will  usually  check  one  or  the  other 
of  the  first  two  pairs.  If  they  do  not,  the  assay  should  be 
again  repeated,  and  so  on  until  good  checks  are  obtained. 

Base-bullion  assays  are  always  reported,  like  ordinary  gold 
and  silver  assays,  in  ounces  per  ton.  Fine-bnllion  assays  are 
reported  in  parts  per  1,000,  or  as  so  many  "thousandths  fine." 


FINE-BUIililON  ASSAYING 

72.  Fine  Bullion. — Fine  bullion  is  composed  mostlyot 
jjold  and  silver.  If  it  contains  more  silver  than  gold  it  is 
termed  dor^  bullion,  or  silver  bullion.  If,  however,  it  contains 
more  gold  than  silver  it  is  termed  gold  bullion.  Fine  bullion 
is  produced  from  retorting  amalgam,  from  parting  dor^  bul- 
lion, and  from  precipitates  obtained  in  chlorination  and 
cyanide  mills,  or  other  reduction  processes.  The  gold  in 
line  bullion  is  always  determined  by  fire-assay.  The  silver 
may  be  determined  either  by  fire-assay  or  by  wet  assay. 
The  wet  assay  is  adopted  in  the  mints  and  in  most  large 
metallurirical  works,  as  it  is  slightly  more  accurate  and  less 
troublesome  than  the  fire-assay.  It  involves  considerable 
knowledge  of  chemistry  and  very  delicate  manipulation. 
The  firc-assay,  if  carefully  done,  will  give  very  close  approx- 
imate results  and  is  the  method  commonly  used  by  custom 
assay  offices  and  small  works. 

7»J.  Selecting:  the  Sample. — The  bullion  is  assayed 
irom  samples  taken  from  bars,  but  a  dip  sample  is  taken  in 
mints  and  refineries,  sometimes  for  the  assay  and  sometimes 
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the  check  assay*     The  advantac^e  of  a  dip  assay  over  a 

as^ay  is  obscure, 

se  sample  is  obtained  from  the  bar  by  chipping  oE  the 
igonally  opposite  tipper  and  lower  corners  with  a  cold  chisel 
I  by  boring  to  the  center  of  the  bar  from  the  top  and  bottom, 
ir  the  diagonally  opposite  corners,  with  a  drill  press  or 
chet  drill.  The  latter  practice  is  the  better,  except  in  the 
&e  of  bullion  known  to  be  very  fine  and  uniform,  and  will 
lect  any  attempt  at  fraud,  such  as  filling  the  center  of  the 

with  lead  or  copper— a  trick  that  is  frequently  tried. 

very  first  borings  should  be  rejected,  as  they  are  apt  to 
dirty  and  give  low  result*  Bonnjjs  are  ready  for  imme- 
ite  weighing.     Chips  have  to  be  flattened  out  to  A  inch  on 

anvil  or  in  a  small  set  of  rolls  made  especially  for  the 

>se»  until  they  are  thin  enough  to  be  cut  up  by  the  shears. 
!ie  samples,  borings,  or  rolled  chips  are  placed  in  envelopes 
)periy  marked  with  the  number  stamped  on  the  bar  from 
lich  they  are  taken. 

[74*     Weights  for  Bullion  Assay. — ^The  weights  used 

be  gold  assay  of  bullion  are  the  I  g.,  which  is  stamped 

and  the  decimal  subsidary  weights  stamped  900, 800, 

},  etc-t  and  90,  80,  70,  etc.  down  to  .5.     These  numbers 

the  number  of  i  milligrams  imliit^mes)  contained  in 

Rjireight.     Ordinary  weights  in  the  gram  system  may  be 

and  each  milligram  will  correspond  to  2  millifemes  in 

assay  system.     Since  the  assay  is  reported  in  fo l <^ ,■>  part, 

balance  must  indicate  a  difference  in  weight  of .  1  per  1  »000, 

.05,  rag. 

rS,     Pr^Umluary  Bullion   Assay. — ^The  approximate 

iposition  of  the  bullion  is  first  determined  by  a  preliminary 
say*  Half  a  gram  of  bullion  is  weighed  out  accurately  on 
button  balance;  this  is  wrapped  in  from  5  to  10  g*  of 
re  lead  foil  and  cupeled  in  a  small  cupel  (weighing  about 

Of  12  ^J.  The  cupe  nation  is  conducted  as  in  the  base- 
lljon  assay,  with  the  same  precautions,  the  cupels  showing^ 
tatliers*'  just  before  finishing.     The  button  should  the^ 

weii^hed  and  parted  as  tisua]. 
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The  results  indicated  by  the  preliminary  assay  are  used  in 
making  up  the  proof  or  correction  assay*,  which  should  be  as 
nearly  as  possible  identical,  in  every  particular,  with  regular 
assay  charges.  The  amount  of  pure  silver  put  into  the 
proof  charge  is  from  5  to  10  mg.  greater  than  the  amount 
indicated  by  the  results  of  the  preliminary  assay,  as  it  is 
roughly  estimated  that  this  amount  is  lost  in  the  cupellation. 
If  the  bullion  contains  much  copper,  the  amount  should  be 
determined  by  wet  assay  and  a  corresponding  amount  added 
to  the  proof.  Small  amounts  of  copper,  however,  may  be 
disregarded.  If  the  preliminary  assay  shows  the  bullion  to 
contain  too  much  gold  to  part  without  inquarting,  sufficient 
pure  silver  is  added  to  bring  the  proportions  up  to  2i  parts 
of  silver  to  1  of  gold.  If  the  gold  is  not  up  to  this  propor- 
tion, some  assayers  add  enough  pure  gold  to  make  it  so. 
This  is  not  the  general  practice,  however.  The  only  advan- 
tage it  gives  is  that  the  gold  stays  together  in  a  comet,  and 
is  consequently  easier  to  handle,  with  less  danger  of  loss 
during  washing. 

76.     Plfitlnum  Partlngr  Trays. — For  parting  the  gold 

and  silver  in  bullion  assays,  platinum  parting  trays  are 
commonly  used.  The  trays  are  simply  small  crates  of 
platinum  wire,  divided  into  a  number  of  compartments,  in 
each  of  which  is  placed  a  small  platinum  cup — merely  a 
small  crucible — with  a  series  of  slits  in  the  bottom  to  allow 
free  circulation  of  the  acid  and  permit  it  to  drain  off  readily 
oil  removing:  the  tray  from  the  bowl.  The  gold-silver 
"cornets,"  made  by  rolling  the  buttons  out  into  thin  strips. 
annealing  them  by  heating  to  redness  in  the  muffle,  and 
then  twistino;  them  into  a  spiral  coil,  are  put  in  the  tray. 
one  in  each  cup,  and  the  tray  is  then  hung  in  a  platinuin 
]h)w1  about  n  inches  in  diameter  and  2  inches  deep,  filled  to 
within  about  j  inch  of  the  top  with  dilute  nitric  acid  of 
1.2^  sp.  i:r.  (oO-per-cent.  concentrated  acid),  and  heated 
nearly  to  boilin;^.  They  are  boiled  10  minutes  in  this  acid: 
then  this  is  poured  off  and  the  dish  is  refilled  with  fresh  acid 
«'i  the  same  strenjjth  (or  sometimes  the  second  acid  is  used 
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ronger),  and  they  are  boiled  10  minutes  longer.  The  crate 
Ihen  lifted  out  knd  the  cornets  washed  in  the  crate  with 

ire  distilled  water.  They  are  then  dried  out  over  a  Bunsen 
aer  or  an  alcohol  lamp,  and  the  crate  and  its  contents  are 

ICO  put  into  the  muffie  and  allowed  to  come  to  a  red  heat  to 
leal  the  comets.     After  cooling,  the  cornets  are  weighed. 

77*     Makluit  tliD  Proof**— Table  III  is  used  in  making 

the  proof.     The  method  of  making  up  the  proof  and  the 

Be  of  the  table  are  best  illustrated  by  an  example.     Suppose 

preliminary  assay  of  500  mg.  of  ballion  gave  350  mg.  of 

TABLE  in 


niSht  in  mm. 
1  Snver  tiom 
^rclltoififlry 
Lf lay    itl    s^ 

in  mg.  to  be 
Us*d  in  Proof 

W*iffhtinGram« 
of  C.  P.  Lend 

FonfoboL]i<wl 
In  Proof  and  in 

Per  Cent,  of 

CoMMjr  in  Hul- 

lion  B«  Deter- 

minpd  by 

AmUyiiA 

WdffUtfnTOr 
of  C.P  Copper 
PalHob*Uaed 

475 

4S0 

5 

3-5 

13.5 

450 

455-460 

7 

5*0 

2$0 

425 

43^435 

S 

m.o 

50.0 

400 

405-410 

10 

15.0 

75.0 

375 

380-385 

II 

ao.o 

100. 0 

350 

355-360 

13 

25.0 

135.0 

325 

33«^335 

13 

30.0 

150.0 

300 

305-310 

ts 

350 

I75-0 

3$0 

355-260 

17 

40^0 

300.0 

too 

2OS-210 

'9 

45 -0 

335,0 

»S0 

X55-160 

20 

50.0 

350,0 

fiver  and  an  analysis  showed  20  per  cent,  o!  copper.    The 

ible  shows  thai  from  355  to  360  mg.  of  pure  silver  are  lo 

added,  and  also  that  12  g.  of  c,  p.  lead  foil  will  be  required 

>r  cupellation,     Now»  as  the  bullion  contains  20  per  cent. 

£r»  100  mg.  of  c,  p.  copper  foil  and  50  mg.  of  c.  p.  test 

lare  also  added.     [The  weight  of  test  lead  necessary  in 

)f  is   obtained   by  subtracting  from  the  weight  of 

Used  the  sura  of  ibe  weights  of  silver  and  copper 

^otained  in  the  500  wg.  of  bullion:  viz.,  500  -  (350  +  100) 

50  mg.  of  letit  lead.]     The  whole  is  wrapped  in  the  12  g, 

if  c,  p.  lead  foil,  when  it  is  ready  for  cupellation  with  the 
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regular  assay.  The  proof  is  made  up  in  this  manner  merely 
because  the  loss  of  silver  in  bullion  durins:  cupellation  depends 
on  the  amounts  of  copper  and  lead  present.  The  regular 
assay  is  performed  as  follows:  Weigh  out  two  portions  of 
bullion  of  500  mg.  (i  g.)  each;  wrap  in  the  proper  amount  of 
lead  foil,  as  shown  in  the  table,  together  with  what  pure 
silver  or  gold  may  be  necessary  to  secure  the  proper  propor- 
tions for  parting,  and  cupel.  The  cupel  containing  the  proof 
assay  is  placed  between  the  two  regular  assays  and  run  along 
with  them.  The  resulting  buttons  are  weighed,  rolled  out 
into  ribbons,  annealed,  rolled  into  cornets,  and  parted  in 
parting:  flasks  or  in  a  platinum  crucible.  The  gold-silver 
buttons  should  check  within  1  mg.,  and  the  gold  almost 
exactly.  The  loss  of  silver  in  the  proof  assay  should  not  be 
more  than  5  mg.,  if  the  cupellation  has  been  run  properly; 
the  gold  loss,  unless  the  bullion  runs  quite  high  in  gold,  will 
be  hardly  noticeable.  The  amount  of  the  loss  of  the  proof 
assay  is  carefully  determined  and  a  corresponding  amount 
added  to  the  results  of  the  bullion  assay,  to  make  up  for  the 
loss  during  cupellation.  The  buttons  should  be  bright 
and  clean. 

78.  Calfulatlnp:  the  Bullion  Assay. — The  result  of 
the  assay  is  reported  in  parts  fine  per  thousand — that  is,  the 
bullion  is  reported  to  contain  so  many  parts  pure  silver  and 
so  many  parts  gold,  and  the  remainder  is  base  metal,  usually 
lead  and  cupper,  the  whole  summing  up  to  1,000  parts.  For 
example,  if  the  gold-silver  buttons  from  two  500-mg.  (i-jj.) 
charges  wcij^'h  417  and  418  mg.,  respectively,  and  the  proof 
assay   shows   a   loss   of  4.5  mg.,   the  first  button   contains 

'.^,,,  *     ^-    '    ',,,  or  843  parts  of  fine  silver  and  gold,  and 
o(M)  1,()(M.) 

1()00  — S18  ^    157   parts    of   base  metals;    and   the    second 

button  contains  '^^^'t,^-  =  f^.  or  845  parts  fine  silver 

and  t^old  and  15.")  ]^arts  base  metals;  or,  the  average  tota; 
fineness  (silver  and  gold)  of  the  bullion  is  844.  If  the 
weight  of  the   ^o\(l  from  the  two  buttons  is  24   mg.,  this 
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weight  divided  by  the  weight  of  the  bullion  from  which  the 
gold  was  derived,  1,000  mg.  (two  i-g.  charges),  gives  the 
contents  of  the  bullion  in  gold.  The  bullion  therefore  con- 
tains tHtt,  or  24  parts  fine,  of  gold.  This  amount  deducted 
from  the  total  fineness  of  the  bullion  (844)  gives  the  fine- 
ness in  silver,  which  is  thus  found  to  be  820.  The  silver 
contents  may  also  be  found  in  the  same  way  as  the  gold,  by 
dividing  the  weight  of  silver  in  the  buttons  by  the  weight  of 
bullion  taken;  thus: 

421.5  +  422.5  =  844  mg.,  corrected  weight  of  gold-silver 
buttons. 

844  mg.  —  24  mg.  =  820  mg.,  weight  of  silver  in  1,000  mg. 
(two  i-g.  charges)  of  bullion. 

iWftr  =  .820,  or  820  parts  silver  in  bullion. 

The  results  of  the  preceding  assay  would  be  reported: 

Silver      820  fine 

Gold 24  fine 

This  would  be  stamped  on  the  bar  with  steel  dies  as  a 
decimal;  that  is, 

Silver 820 

Gold 024 

Using  two  i-g.  charges  for  assaying  greatly  facilitates  the 
calculations,  as  the  weights  of  the  two  charges  sum  up  to 
1,000  mg.,  and  by  adding  the  results  from  the  two  buttons 
together,  each  milligram  is  toW  or,  1  part,  so  that  no  division 
is  necessary,  the  fineness  in  silver  or  gold  being  the  same  as 
the  weight  of  silver  or  gold  in  milligrams. 


DETERMINATION  OP  COPPER  IN  SIIiVER  BUIiLION 

79.  If  fine  bullion  contains  much  copper  and  is  to  be 
assayed  by  the  fire-assay,  it  is  necessary  to  know  the  pro- 
portion of  copper  present  in  order  to  make  up  the  proof 
assay  properly. 

To  determine  the  amount  of  copper,  dissolve  i  g.  of  bul- 
lion in  dilute  nitric  acid  (the  bullion  should  be  beaten  or 
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rolled  out  so  that  it  will  dissolve  rapidly)  and  add  HCl 
very  slight  excess.  Test  for  an  excess  of  HCl  from  tin 
to  time  by  adding  a  drop  of  the  solution  to  a  drop  of  silvi 
nitrate  solution.  As  soon  as  a  white  cloudiness  results,  tl 
HCl  is  in  excess.  Then  filter  oflE  the  precipitate  of  silv( 
chloride,  make  the  filtrate  alkaline  with  an  excess  of  ammoDii 
and  titrate  for  the  copper  as  usual. 


ASSAYING 

(PART  4) 


WET    ASSAYING 


SOXTENTS  AND   PKECIPITANT9 

umetrle  Aiuilysls* — Volumetric  nualyetlfi  con- 
dissolving  a  substance  in  liquid  chemicals,  and  then 
pitatiDg  the  substance  by  other  liquid  chemicals.  The 
Ss  mostly  used  for  dissolving  substances  are  acids,  and 

employed  as  precipitanis  are  solutions  of  alkalies*  or 
In  some  cases,  the  reaction  that  takes  place  between 

lutions  is  direct  and  may  be  readily  calculated;  in  other 
,  it  is  indirect  and  must  be  indirectly  calculated.  For 
pie,  if  a  solution  is  known  to  be  of  such  a  strength 

c.  c.  =  ,01  g.  of  ft,  the  quantity  of  iron  in  a  solution 
►e  found  by  the  number  of  cubic  centimeters  of  the 
on  required  to  precipitate  it;  these  figures  are  read  off 
a  burette, 

the  indirect  reactions^  the  element  sought  is  not  pre- 
ited  as  an  element  that  can  be  calculated  directly,  but  as 
tlpound  of  known  composition*  for  example,  sulphnr  is 
ly  precipitated  as  barium  sulphate,  and  the  quantity  of 
itir  is  calculated  from  the  formula  BaSO^.  Again,  in 
iatin*gf  the  quantity  of  copper  by  the  iodide  method,  the 
liberatedi  when  cuprous  iodide  is  formed^  is  first 
lated,  and  from  this  the  copper  is  determined. 


tNTKWCD  AT  armTKNEAft-  MA14^  U»l*«OM 
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2.     Tlio    I'lilt    Volume    for    Calculation. — ^The  unii 

'.v.:v.o    :i-.:npied    for   volumetric   calculations    is  the  cubic 

.::f.:::t.':er  i  abbreviated  to  c.  cj,  which  is  equal  to  1  g.  o: 

>:;;c.:  water:  hence,  1,0(X)  g.  of  distilled  water  is  equi 

:  :::cr.     The  strength  of  a  solution  depends  on  the  num- 

.  •;  .  f  ^ranis  ot  the  chemicals  contained  in  a  liter,  or  1  c.c 

.  -.cr.  :he  u:iit  volume  of  the  reagent  required  to  saturate: 

•:  V. '-.inie  oi  some  other  solution  is  known  to  have  a  cer 

■   -^t't-.'-cth.  the  element  sought  can  be  calculated.    The 

:i  ^::':'.    •:"  a  reagent  is  determined  Jby  tests,  rather  more 

.      v  :•.:">'  :'::.i:"i  by  calculation,  owing  to  the  difficulty  encoun 

■  . .'    ■.::    I  "^Mining    absolutely    pure     chemicals.     Wlien  3 

.:.:•.:   >  .1  J. vied  gradually  to  a  solution,  certain  physici 

.  .■•..::•.:.'./.  jhar.;^es  become  apparent  as  soon  as  there  ii 

:>  -■  ^  ••.v-:  excess  of  the  reagent  over  the  actual  quactitj 

>.>--./>•  :,  r  co:::b:nat:on.     For  example,   in   the  pcnran 

■■..■..   :"j:h.  v:  of  iron  analysis,  a  single   drop  of  the  per 

.:  ■."..u"  s. '.•.:::.^::.  after  all  the  iron  is  oxidized,  will  imparl 

.  .•...■.•..::-.-:■,:  v:::k  color  to  the  solution  under  examinatioc 

•   ..-  ..'.>•>:>  :::  wir.jh  the  reagent  used  is  not  in  itselr : 

.'  ;       ■ .::::.  >   :v.e  chemical  may  be  usee  as  an  r'.v/.u':.  • 

•      ■      .■•.■.  '.-.-.is:  excess  or  the  re.\^en:  s:-Iu::on  wi"  ^:v? 

^      ^    .    ;  ,::^7..::eris:ic  color.     The   v  rin:  a:  which:::; 

>    ..".^-:*  ::r<:  Appears  is  c.i'.led  :he  end  iH>Iiit 

.    ^      :    "    .  ::.   ::   :-  known  as  a  stauilard   solntlou: 

.:    •     ■'  :".:.  v'.vrr.er.:  in  question,  with  which  e:.:': 

.'.-     :   :::c   sM::^:ard  solution   will   combine.:: 

-•.11. lard      :  :l:e   solution.     By   multiplying  th: 

:i::::::e:ers  cf  the  stani^rv:  s:lut:^r:  use: 

v.:  Vy  the  standard  of   the    s:lut:rn,  :':.i 

-  •.".';.:.:  :s  knjwn  as  voliiiuerrlo  aualy* 


A*«»ayod  111  the  Wot   ^Vay. — A<>zye:5 
:>.;  ■  y  the  fire-assay,   izd   ih:se  thai 
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squire  some  knowledge  of  chemical  analysis  for  their  deter* 

ition*     For  example,  the  price  paid  for  ores  by  smelters 

Buds  on  the  amount  of  iron  oxide,  limep  and  silica  they 

]tajn«     Manganese  oxide  actSi  up  to  a  certain  point,  like 

ton  oxide,  and  the  same  premium  is  paid  for  both.     Copper 

ores  is  also  paid  for  if  present  in  any  considerable  quan- 

^Ij;  hence,  the  assa3^er  will  find  it  greatly  to  his  advantage 

be  able  to  perform  the  analyses  for  these  substances, 

fhe  wet  determination   of   lead   is   also  quite  common  in 

lelters  and  lead  works.     Zinc   is   an    important,  though 

ible,  constituent  of  many  silver  and  gold  ores*  and 

fjDce  and  amount  are  likely  to  affect  the  value  of  the 

re  considerably*     Copper  is  almost  invariably  analyzed  in 

wet  way* 


4*     Upavl metric  Versus  Tolunietplc  Analysis,— Vol- 
umetric analyses  are  usually  considerably  quicker  and  less 
rouble  some  than  gravimetric  analyses  and  fire-assays,  and 
therefore  used  wherever  speed  is  essentia).     It  must  not, 
lowever»  be  inferred  from  this  that  volumetric  determina- 
ionn  are  not  accurate.     Any  of  the  schemes  given  in  this 
lection  are  accurate  to  a  small  fraction  of  1  per  cent*,  and 
J  volumetric  assay  for   some   elements   is   more  accurate 
the  gravimetric*     There  is  rather  more  room  for  error 
volumetric  work,  as  a  slight  variation  in  the  end  point  of 
le  titration  or  a  changfe  in  the  strength  of  the  standard  solu- 
tion may  make  a  slight  di Terence  in  the  results;  but  such 
rorst  if  the  chemist  is  careful  and  standardizes  his  solutions 
tly,  are  so  small  that  they  may  safely  be  neglected. 
uate  determinations  are  run,  any  considerable  error 
jiild  not  very  well  escape  notice.     The  average  result  of 
g duplicate  determination  is  always  taken.     Duplicates  are 
im  run  in  gravimetric  work,  on  account  of  the  extra 
^ork  involved  and  the  small  probability  of  error.     The  final 
Bsult  in  gravimetric  analyses  is  obtained  by  actually  7ir/^^- 
the  precipitate  containing  the  element  sought,  and  con- 
juently,  if  the  analysis  has  been  properly  conducted  and 
error  has  been  made  in  the  weighing  and  calculations- 
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the  result  is  practically  absolute.  A  good  chemist  can  mak 
volumetric  determinations  check  very  closely  with  grav 
metric  work. 

5.     Preparation    of    Ores    for    Wet    Assay. — In  a 

analyses,  ores,  in  order  that  they  may  be  in  the  best  co 
dition  to  be  acted  on  by  acids,  must  be  pulverized  as  fine 
as  possible.  This  is  accomplished  by  gfrinding  or  rubbii 
in  an  agate  mortar,  treating  only  a  few  grams  of  ore  at 
time.  The  pulverization  should  be  carried  on  until  the  oi 
is  in  the  form  of  an  impalpable  powder;  that  is,  until  c 
gritty  feeling  is  noticeable  when  a  small  portion  of  tl 
powder  is  rubbed  between  the  thumb  and  fingers. 


APPARATUS  FOR  WET  ASSAYS 

6.  Beakers. — Glass  beakers,  which  are  necessary  k 
holding  solutions,  are  made  of  a  thin,  tough  glass  that  wil 
stand  considerable  heat,  so  that  solutions  may  be  boiled  i 
them.  Beakers  come  in  **nests''  of  «ix,  as  shown  in  Fig.  I 
The  smallest,  or  No.  1,  beaker  wil 
hold  about  100  c.  c,  while  the  largest 
or  No.  6,  has  a  capacity  of  1  lite 
(1,000  c.  c).  The  form  with  the  Hi 
for  pouring,  as  shown  in  the  figure,  ii 


Fig.  1 


Pio.2 


most    convenient   for   general   work,  but  such  beakers  an 
somewhat  more  expensive  than  the  form  without  a  lip. 

7.  Cnsst^roles. — Porcelain  casseroles.  Fig.  2,  are  usee 
for  dissolvincr  ores  in  acids.  They  are  particularly  usefu 
when  the  solution  must  be  evaporated  down  to  dryness,  ai 
with  care  they  will  stand  this  operation  without  any  dangci 
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eking,  whereas  beakers  would  be  ver/  liable  to  crack 
m  as  the  solutions  in  them  ane  boiled  dry.  Casseroles 
in  various  sixes*  The  2-,  3-,  or  4-ounce  si^es  are  most 
Kuienl  for  ordinary  work,  as  the  ore 
►e  well  covered  without  usiog  an 
I  of  acid. 

Fkisks. — ^Flasks  of  the  shape  of  the 

bottle  shown  in  Ftg.  10,  made  of  the 

kind  of  glass  as  the  beakers,  are  xise- 

r  various  purposes,  such  as  for  dissolv- 

res,  receiving  solutions,  etc.     The  4-, 

d  16'Ounce  sizes  are  mosi  convenient. 

[,  S  illustrates   an    Erlenmeyer   flask, 

i  is  %^ery  handy  for  precipitating  from  solutions  and  for 

raJ  analytical  work,  on  account  of  the  large  flat  bottom 
that  is  exposed  to  the  action  of  the  hot 
plate  or  sand  bath,  and  owing  to  the 
fact  that  any  precipitate  forming  in  the 
solution  in  the  flask  has  a  tendency  to  fall 
away  from  the  sides  and  on  to  the  bottom 
of  the  flask.  Small  flasks  of  this  shape 
are  used  in  the  copper  determination* 

9.  Funnels*-— Glass  funnels  are 
necessary  for  making  filtrations.  The 
angle  betw^een  the  sides  should  be  60"^, 
and  the  stem  should  be  ground  off  ai 
an  angle,  as  shown  in  Fig*  4,  to  draw*  the 
stream  off  to  one  side,  thus  lessening  the 
capillary  attraction  between  the  tube  and 
c»!utJon,  and  consequently  hastening  the  filtration. 

Wttfch  Glasses*.-— Watch  glasses*  Fig.  6,  are  very 
tl  for  covering  beakers, 
roles,  and  funnels,  and  for 
iving  weighed  charges  of 
pr  chemicals,  precipitates, 
Like  the   beakers,  watch    glasses  come   in   assorted 
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11.     Burettes. — Burettes 


are  g^raduated  glass  tn 
fitted  with  glass  st 
cocks,  as  shown  at 
Fig.  6,  or  with  mbl 
hose  connections 
pinch  cocks,  as  sh( 
at  b,  from  which  stj 
ard  solutions  are 
into  solutions  to 
titrated  or  tested  v 
metrically  for  cer 
elements.  Bure 
come  in  25-,  50-, 
100-c.  c.  sizes  j^rz 
ated  to  tV  c.  c.  ' 
50-c.  c.  size  is  m 
convenient. 


12.     Spot  Pla 

The  spot  plate,  Fig 
is  an  oblong  plate 
white  porcelain,  5 
X  6  in.,  with  a  m 
ber  of  small  depi 
sions  in  its  surface 
receiving  the  indica 
solutions  used  in  so 
titrations.  A  t 
drops  of  the  indica 
^'^-  ^  solution   are  put  i 

each  depression  by  the  use  of  a  dropping  tube;  then,  as 

standard  solution  is  run  into  the  solution  under  examinati 

the  latter  is  tested  from  time  to  time 

for  excess  of  the  standard  solution, 

by  taking:  a  drop  out  on  the  end  of  a 

stirrin<^    rod    and    adding:    it    to    the 

indicator    solution    in    one    of    the 

depressions 


^i:^  ^::>  ^D  c^i 


Fig.  7 

As   soon  as  the   standard   solution  is  in 
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li|:htest  excess  over  the  amount  necessary  to  convert  the 
Element  sought  in  the  solution  under  examination ^  a  drop  of 
le  latter  solution  will  cause  a  characteristic  reaction  when 
Ided  to  the  indicator  solution, 

13.  Cruel ijies*— Porcelain  and  plattntim  crucibles  are 
fcessary  for  making  fusions  and  ig^nittng  (heating  at  a 
igb   heat)  precipitates* 

14.  Graduates, — Glass    graduates   are 

jssary  for  measuring  acids,  etc.  They  may 
bad  in  various  shapes  and  sizes.  A 
graduate  with  straight  sides,  as  shown  in 
^%g,  8»  is  most  convenient*  Glass  graduates 
say  be  had  in  sizes  varying  £rom  50  to  500  c,  c* 

15.  TltrattufT  Dish*— A  flat,  shallow, 
Irhite  porcelain  dish  of  about  1  quart  capacity — 

ordinary  ironstone  porcelain  vegetable  dish 
^ttswers  very  well^ — ^is  very  convenient  for 
laking  titrations,  as  the  end  point  shows 
?ly  against  the  white  porcelain.  A  sheet 
lite  paper  behind  a  beaker  will  serve  the  same  purpose. 

16.  Filter  and    Burette    Stands. — Wooden   or   iron 
ids  are  necessary  for  holding  funnels  and  burettes  while 

tiering  and  titrating.     A  wooden  burette  stand  is  shown  in 
^i^*  6.    The  filter  stand  is  somewhat  similar,  but  has  conical 
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Fig.  « 

lies  cut  in  the  cross-bar  for  the  funnels.    Sometimes,  racks 
used  thai  will  hold  several  funnels. 

17.    Filter  Pai>er. — ^Filter  paper  is  tough,  porous  paper, 

*d  for  filtering  solutions.     It  may  be  obtained  in  circular 

leet^  of  %'arious  sizes,  in  packages  of  100.     The  sheets  are 

kided  to  lit  into  the  funneL    The  folding  is  done  as  follows: 
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Fold  over  along  the  diameter,  as  at  a,  Fig.  9;  fold  again, 
corner  to  corner,  as  at  b;  then  open  out  into  form  a  again, 
fold  one  corner  and  outside  edge  in  to  the  center  line,  and 
turn  the  paper  over  and  fold  the  other  comer  in  the  same 
way  on  the  other  side,  as  at  c.  The  filter  will  then  open  out 
into  the  form  d,  which  fits  exactly  into  the  funnel.  After 
placing  it  in  the  funnel  and  moistening  with  water  to  make 
it  stick  to  the  sides  of  the  funnel,  it  is  ready  for  filtering. 

1 8,  For  use  in  quantitative  work,  where  the  filter  paper 
has  to  be  burned  or  ignited  with  the  precipitate,  it  is  neces- 
sary that  the  weight  of  the  ash  of  the  filter  should  be  known. 
There  are  two  methods  of  accomplishing:  this.  One  is  to 
employ  what  are  known  as  as/i/ess,  or  acid-washed,  filUn. 
These  are  filter  papers  that  have  been  washed  with  hydro- 
chloric and  hydrofluoric  acids,  thus  removing  the  solid  por- 
tion of  the  ash  and  leaving  practically  nothing  but  carbon 
in  the  filter  paper,  so  that  it  will  burn  without  leaving  any 
ash.  The  other  method  is  to  determine  accurately  the  weight 
of  the  ash  of  the  filter  paper,  and  then  to  subtract  this 
weight  from  the  amount  obtained  after  igniting  each  precip- 
itate on  its  filter  paper.  Such  filter  papers  can  be  bought 
in  packajres  of  100,  with  the  weight  of  the  ash  that  each 
sheet  will  produce  stamped  on  the  back  of  the  package. 
Where  very  accurate  work  is  desired,  the  chemist  can  deter- 
mine the  weight  of  his  own  filter  papers  by  burning  three  or 
four  down  to  a  white  ash  in  an  accurately  weighed  porcelain 
or  platinum  crucible.  The  crucible  containing  the  ash  is 
then  \vei<,^hed,  and  the  increase  in  weight  over  the  weight 
of  the  crucible  alone  is  the  weight  of  the  ash.  This  amount 
divided  by  the  number  of  filter  papers  used  gives  the  weight 
of  the  a^h  from  each  filter.  Ashless,  or  acid-washed,  filters 
can  be  tested  in  the  same  way,  and  three  or  four  of  them 
should  jj:ive  such  a  small  amount  of  ash  that  it  would  not 
make  any  perceptible  increase  in  the  weight  of  the  crucible. 

19.  Wash    IW)ttlo. — The  chemist  has  constant  use  for 

distilled  water.  The  water  for  immediate  use  is  kept  in  a 
large  flask  or  wash  bottle,  of  from  16  to  32  ounces  capacity, 
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rith  two  tubes  passing  through  the  cork  and  arranged  so 

on  blowing  in  one  the  air  pressure  forces  the  water  up 

!  om  through  the  other,  which  is  drawn  out  to  a  ftne  jet 

|l  the  lip.     Fig.  10  shows  the  wash  bottle  and  the  arrange- 

icnt  of  the  tubes.     The  air  tube  need  only  extend  through 

1©  cork.     The  long  water  lube  should  extend  nearly  to  the 

>ttom  of  the  flask,  so  ihat  it  will  remain  under  water  even 

rhen  the  water  in  the  flask  gets  very  low.    A  good  plan  is 

slop  the  glass  tube  an  inch  or  two  from  the  bottom,  and 

len  pni  on  a  short  piece  of  rubber  tubing,  as  shown  in  the 

|gure,  extending  to  the  bottom,  or  barely  clearing  it.     This 

;roids  the  risk  of  pushing  the  tube  through  the  bottom  of 

le  flask  when  putting  in  the  cork.    A  flexible 

It  of  rubber  tubing  at  the  jet^  as  shown,  is 

convenient  for  directing  the  stream  *  ^'^11 
Ordinary  flasks  may  be  used  for  wash  bottles. 
It  specially  made  flasks,  with  a  heavy  ring 
^und  the  mouth  to  bear  light  corking,  are 
Itronger  and  better.  The  neck  may  be 
ipped  with  twine  for  handling  when  the 
Br  is  hot.  When  boiling  water  in  a  wash 
>ttle,  the  cork  should  always  be  loosened  and 
•t  up  on  the  edge  of  the  mouth,  otherwise 
ic  pressure  of  the  steam  will  force  the  water 

through  the  jet,  little  by  little,  the  air  tube  being  so 
ill  that  the  steam  will  not  escape   fast  enough  to  keep 
le  pressure  in  the  flask  down  to  atmospheric  pressure. 


Fto.  10 


SO,     SilrrtiiK   Hods. — ^rlass  stirring  rods,  of   assorted 

pngths  and  sizes^say  from  3  to  8  inches  long  and  from 

to  1^*  inch  in  diameter — are  essential  in  the  laboTatory,     A 

taOTt  piece  of  rubber  hose  on  the  end  of  the  rod  will  prevent 

from  being  pushed  through  the  bottom  of  the  beaker.    The 

>ds  may  be  bought  of  the  proper  size,  or  the  chemist  may 

ly  the  glass  in  3-  or  6-foot  lengths  and  make  his  own  rods. 

Po  break  the  glass  rod.  make  a  scratch  with  a  tile  at  the 

lint  where  it  is  desired  to  break  it,  grasp  the  rod  with 

),  ifiU  one  band  on  each  side  of  the  file  mark,  close  th^ 
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thumbs  together,  on  the  side  of  the  rod  opposite  the  marl; 
and  break  by  pressing  up  with  the  thumbs.  The  broken  end 
may  be  made  round  and  smooth  by  heating  with  the  bloi« 
pipe  or  in  the  blue  flame  of  a  Bunsen  burner.  Stirrin; 
rods  may  also  be  made  from  glass  tubing  by  closing  th 
ends  of  the  tubing  in  the  Bunsen  flame  or  with  the  blowpip 
flame.  A  glass  rod  with  a  piece  of  rubber  on  the  end  i 
called  a  policeman,  and  may  be  us^d  for  removing  pre 
cipitates  from  beakers  or  other  dishes. 

21.  Bunsen  Burners,  Tripods,  Etc. — Bansei 
burners  and  tripods  with  wire  gauze  and  asbestos  cloth  top 
are  essential  for  heating  water  and  solutions.  Every  labora 
tory,  moreover,  should  be  supplied  with  an  exhaust  hood 
under  which  all  boiling  with  acids  should  be  done.  The 
hood  is  simply  a  small  chamber  connected  by  a  flue  with  the 
outside  air,  to  draw  off  disagreeable  and  poisonous  fumes 
and  prevent  their  spreading  through  the  laboratory.  Ab 
iron  heating  table  or  **hot  plate"  and  a  large  gas  burner 
are  necessary  under  the  hood  if  much  work  is  to  be  done, 
and  are  very  convenient  under  any  circumstances. 

22.  8ink  and  Slop  Jar. — Every  laboratory  should 
have  a  sink  and  faucet  in  connection  with  or  convenient  to 
the  working  desk.  A  5-gallon  earthenware  jar  should  be 
set  under  or  alongside  the  desk,  to  receive  washings,  spent 
solutions,  etc.  

REAGENTS  FOR  WET  ASSAYS 


ACIDS    AND    SOLVENTS 

23.  Acetic  Acid. — Acetic  acid,  H^C^O^y  is  obtained 
from  the  distillation  of  wood,  and  for  assay  use  should  be 
oO  per  cent,  chemically  pure.  It  is  employed,  in  the  titration 
(^f  lead,  and  for  acetate  solutions  needed  in  volumetric  and 

<:ravimctric  analyses. 

24.  II  y  (1  r  o  c  h  1  o  r  1  c  A  el  d . — Hydrochloric  acid,  HO 
should  be  obtained  chemically  pure,  concentrated  to  1.2  sp 
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Dilute  add  is  iised  mostly  in  the  laboratory;  it  contaios 
?art  clieniically  pure  concentrated  acid  and  2  parts  dis- 
led  water.     It  is  used  for  many  purposes  as  a  solvent  and 

\B  precipitant, 

S6«     Nitric  Aelil. — NUric  acid,  UNO*,  should  be  cheraic- 

pnre,  concentrated,  and  have  a  specific  gravity  of  1.42. 
lute  acid  consists  of  1  part  acid  and  2  parts  distilled  water. 
nitric  acid  gives  up  its  oxygen  readily.  When  it  acta  on 
^tals  it  forms  nitrates,  metal  atoms  being  substituted  for 

hydrogen  of  the  acid*     If  the  substance  on  which  the 

acts  has  not  the  power  to  replace  the  hydrogen,  the 

Hon  consists  in  oxidation.     In  the  reduction  of  nitric  acid, 

rogen  peroxide,  N^Ot,  nitrous  acid,  HA^O^,  nitric  oxide,  iVO» 

rous  oxide ^  jV,0.  and  ammoDia  are  formed,  according  to 

conditions  under  which  the  reaction  takes  place.  The 
Ides  A\0  and  A^O^  are  readily  changed  to  A^O^  which  Is 

reaction  that  commonly  takes  place  when  treating  metals 
kh  nitric  acid.  Nitric  acid  is  a  powerful  solvent  and  oxi- 
II tig,  as  well  as  a  desulphurizing,  agent. 

2G.  ?iirro*IIydrocblorlc  Add  {Aquu  Iteffia). — One 
Ittme  of  concentrated  Ditric  acid  added  to  3  volumes  of 

Jrochloric  acid  forms  aqua  regia,  which  should  be  pre- 
red  only  as  required,    U  may  be  used  either  concentrated  or 

ite.     It  is  better  for  dissolving  gold  when  slightly  diluted* 

17 m  Oxftlle  Aeld, ^Oxalic  acid,  //.CO.,  is  obtained  in 
Sinically  pure  crystals*  When  diluted  with  water  it  is  a 
ik  solvent*  It  is  principally  used  in  the  form  of  ammonium 
liate.  One  gram  of  the  crystals  to  10  c.  c,  of  water  makes 
practically  saturated  solution  of  ojcalic  acid* 

S8.    Sulphuric  Ac  Id  •—Sulphuric  acid,  HtSO^f  chemic- 

pure  and  concentrated,  with  a  specific  gravity  of  1*82, 

is  coiisiderable  use  in  the  laboratory.     It  is  a  powerful 

|vent  and   precipitant*     The  dilute   acid  is   prepared   by 

ling  1  part  of  acid  to  5  parts  of  water.    The  dilute  acid  Is 

pd  for  precipitating  barium:  1  c.c.  will  precipitate  A2^l  g. 

barium  as  sulphate     Concentrated  sulphuric  acid  will  not 
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attack  iron,  but  the  dilute  acid  will.  Dilute  sulphuric  acid 
only  slightly  attacks  lead.  When  diluting:,  the  concentrated 
acid  must  always  be  poured  into  the  water — never  water  into 
the  concentrated  acid.  As  the  union  of  sulphuric  acid  and 
water  produces  heat,  an  explosion  migfht  result  if  water  were 
poured  into  the  acid. 

29.  Sulphurous  Acid. — Sulphurous  acid,  /^,5ft,  car 
be  obtained  in  a  chemically  pure  solution.  It  is  not  as  active 
a  solvent  as  sulphuric  acid,  nor  is  it  used  nearly  so  often  in 
the  assay  office.  

SAL.TS 

30.  Ammonium  Chloride. — Ammonium  chloride, 
NH^Cl,  is  used  with  ammonia  as  a  precipitant  of  lime, 
iron,  etc.  It  is  best  used  as  an  aqueous  solution  having 
1  g.  of  the  salt  dissolved  in  8  c.  c.  of  water. 

31.  Ammonium  Molybdate. — Ammonium  molyMate, 
(A^/A)./1A7t6>,4,  known  as  molybdate  solution,  is  used  as 
a  precipitant  for  phosphorus  and  arsenic.  In  making  up  the 
solution,  I  g.  of  molybdenum  trioxide,  MoO»y  is  dissolved  in 
4  c.  c.  of  ammonia.  This  solution  is  poured  into  lOcc.  oi 
nitric  acid  having  the  specific  gravity  of  1.2.  The  resulting 
solution  is  warmed  to  45°,  and  1  c.  c.  of  a  10-per-cent.  solI^ 
tion  of  crystallized  sodium  phosphate  is  stirred  in  vigorously. 
This  solution  is  allowed  to  stand  over  night  before  using. 

32.  Aninionium  Nitrate.  —  Ammonium  nitrate. 
A7AAY^3,  is  a  good  oxidizing  agent  that  is  readily  decom- 
posed by  heat. 

33.  Aiiiinonium-Hydrofiren  Sulphide. — Ammonitini- 
hydroo^en  sulphide,  (A7/J/^5,  is  used  as  a  precipitant  for 
iron,  manganese,  nickel,  cobalt,  and  zinc.  It  is  prepared  by 
passings  hydrogen  sulphide,  H^S,  into  dilute  ammonia.  It 
loses  its  strengfth  rapidly  in  air,  and  must  be  kept  in  « 
stoppered  bottle,  and  be  prepared  fresh  from  time  to  time. 
It  is  a  powerful  solvent  of  the  oxides,  and  of  the  sulphides 
of  arsenic,  antimony,  and  tin.  The  precipitate  is  a  sulphide 
of  the  metals  named. 
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34.  Ammoulutii    Aeotate, — Ammonium    acetate, 
ffiXM^O^,  is  made  by  adding  strong  acetic  acid  to  strong 

imonia  until  the  solution  is  just  add»  and  then  a  few  drops 
^i  ammonia  sufficient  to  make  tlie  solution  alkaline*  It  is  a 
powerful  solvent  of  lead  salts. 

35.  Aninionluiti    Oatalate.—Amrooniitm    oxalate, 
*WJ,CC>«,  is  used  principally  as  a  precipitant  for  calcium* 

making  up  the  solution,  1  g,  of  salt  is  added  to  10  c.  c.  of 
rater.  One  c.  c,  of  this  solution  will  precipitate  .0145  g, 
\i  CaO, 

36.  AiuiTiontum  Sulphide. — Ammonium  sulphide, 
|y^/f*),S,  is  prepared  by  conducting  hydrogen-sulphide  gas, 

frSt  into  a  bottle  two-thirds  full  of  concentrated  ammonium 
^^draie,  NH^OH^  until  it  is  saturated,  which  is  indicated  by 

ic  bubbles  coming  from  the  liquid  undiminished  in  size, 
The  bottle  is  then  tilled  with  concentrated  ammonia  and  the 

>ttition  thoroughly  mixed.    This  stock  solution  should  be 

5pt  in  full  tightly  stoppered  bottles »  and  the  bottles  should 
colored*  as  light  decomposes  the  ammonia  sulphide, 
lefore  using,  the  stock  solution  should  be  diluted  with  twice 
\%  volume  of  water,  the  diluted  solution  being  kept  in  the 

rdinary  colored-glass  reagent  bottle.     Arsenic,  antimony, 

id  tin  are  soluble  in  this  solution.  The  solution  will  pre- 
ipitate   aluminum  as  white  aluminum    hydrate,   Al{OH)^\ 

iromium  as  greenish  chromium  hydrate,  Cr{OH)^\  iron  as 
|lack  ferrous  sitlphide,  F€S\  nickel  as  black  nickel  sulphide, 
ViS\  cobalt  as '  black  cobaltous  sulphide,  Ctf5:  manganese 
\%  pink  manganous  sulphide,  MnS\  and  zinc  as  white  sine 

ilphide.  ZnS^ 

37.  riilortne  or  Chlorine  Water, — Chlorine,  O,  may 
generated    by    treating   bleaching    powder   (chloride   of 

lime,  CaOOi,)  with  sulphuric  acid;  the  gas  may  be  absorbed 
water.     Chlorine  water  must  be  kept  in  a  colored-glass 
>ttle  or  in  the  dark,  for  in  the  light  the  chlorine  will  decom- 
>se  water  and  form  hydrochloric  acid,  //C7,     Chlorine  gas 
lay  also  be  prepared  by  mixing  50  g.  of  coarse  salt  and  40  g. 
If  powdered  black  oxide  of  manganese,  and  adding  to  it 
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when  cold  a  mixture  of  125  g.  of  concentrated  sulphuric  ad( 
and  GO  g.  of  water;  they  should  be  well  shaken  together  anc 
wanned,  and  the  gas  ds  it  comes  over  gently  collected  ii 
water  contained  in  a  black-glass  bottle. 

38.  Yellow  Ammonium  Sulplilde. — ^Yellow  ammo 
nium  sulphide,  (AHt)tSt,  is  made  by  adding:  a  small  quantir 
of  flowers  of  sulphur  to  ammonium  sulphide  and  shaking  unti 
the  sulphur  is  dissolved.  Enough  sulphur  should  be  adde< 
to  give  the  solution  an  amber  color. 

39.  Barium    Chloride. — Barium    chloride,    BaClt,  i 

principally  used  as  a  precipitant  for  sulphur  trioxide,  SO, 
If  1  g.  of  the  pure  salt  is  added  to  10  c.  c.  of  distilled  water 
1  c.  c.  of  the  solution  will  precipitate  .03*27  g.  of  SOm. 

40.  Barium  Carbonate. — Barium  carbonate,  BaCO, 
has  the  power  to  unite  and  form  insoluble  compounds  witl 
some  metallic  sesquioxides.  It  is  used  to  separate  iroi 
from  other  metals,  like  manganese,  that  do  not  unite  witi 
it.  Barium  carbonate  may  be  prepared  by  precipitating  i 
pure  barium-chloride  solution  with  ammonium  carbonate 
the  mixture  then  being  washed  on  the  filter  until  all  thi 
ammonia  salts  have  been  removed.  The  wet  precipiiati 
should  be  stirred  into  the  water  so  as  to  form  a  thin  cream 
or  emulsion.     It  should  be  thoroughly  mixed  before  using 

41.  Bjiriuiii  Hydrate. — Barium  hydrate,  Ba(OH), 
may  be  prepared  by  dissolving  barium  oxide  in  the  proper 
tion  of  1  '^.  of  salt  to  10  c.  c.  of  water.  This  should  b 
dij^ested  or  heated  for  several  hours,  and  then  the  pun 
liquid  filtered  olT  and  kept  in  a  well-stoppered  bottle. 

42.  Ma^m^sla  Mixture. — Magnesia  mixture  is  mad( 
by  dissol villi:  1  part  of  magnesium  chloride,  2  parts  o 
amnioninm  chloride,  and  4  parts  of  ammonia  in  8  parts  o 
water,  'i'he  mixture  is  allowed  to  stand  several  days  and  ii 
then  filtered.  It  is  used  as  a  precipitant  for  phosphorus  anc 
arsenic. 

43.  BroniliK*  Water. — Bromine  water,  Br'\'  HtO.mzs 
be  formed  by  making  a  saturated  solution  of  bromine  ii 
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{stilled  vvaten  It  should  be  kept  in  a  tightly  stoppered 
colored-glass  bottle  and  in  a  cool  place.  When  opening  the 
bromine  water  bottle  in  warm  weather,  care  should  be  taken, 
(or  there  is  liable  to  be  a  sudden  rush  of  vapor  on  withdraw 
iu  the  stopper,  and  this  vapor  is  not  only  disagreeable,  but 
^Kacwhat  poisonous. 

Hft4.  Calcium  Hydrate* — Calcium  hydrate  or  lime  water. 
^Gt(0/i),,  may  be  prepared  by  slaking  fresh  quicklime  and 
adding  to  it  a  large  quantity  of  water.  The  mixture  is 
placed  in  a  large  glass  bottle,  shaken  several  times,  and 
then  allowed  to  settle.  The  clear  solution  is  decanted  off 
and  used  as  a  reagent.  It  contains  1  part  of  lime  and  sev* 
eral  hundred  parts  of  water. 

(k|5.  BtilpUiireted  Ilydroi^eu. — Hydric-sulphide,  or  sul- 
^reted  hydrogen, /AS",  is  formed  by  treating  iron  sulphide* 
Sp  with  sulphuric  acid.  If  iron  sulphide  cannot  be  obtaioed, 
it  may  be  prepared  by  fusing  iron  nails  with  sulphur,  in  the 
proportion  of  about  1  part  by  weight  of  iron  to  2  parts  by 
weight  of  sulphur*  /i^S  gas  may  be  led  into  water  until  the 
water  is  saturated,  the  saturated  water  being  then  used  as  a 
reagent*  The  water  should  be  kept  in  colored-glass  bottles, 
as  it  is  quickly  decomposed  when  exposed  to  the  light. 
When  it  is  desired  to  precipitate  any  substance  from  the 
solution  by  means  of  NmS,  it  will  be  better  to  conduct  the 
£as  itself  into  the  solution  than  to  employ  water  charged 
with  tJie  gas,  on  account  of  the  fact  that,  in  order  to  add  a 
sufficient  amount  of  gas,  it  would  be  necessary  to  add  a  very 
large  amount  of  water,  thus  unnecessarily  increasing  the 
ilk  o(  the  solution, 

lydrogen  sulfihide  will  precipitate  the  following  metals 
^m  their  salt  solutions^  Cadmium,  as  a  white  cadmium  sul- 
W«,  CdS;  bismuth,  as  a  black  bismuth  sulphide,  /?f,S,; 
piper,  as  a  brownish  black  cupric  sulphide,  CtiS;  lead,  as  a 
fck  lead;sulphide  precipitate,  PdS;  mercury,  as  a  reddish 
»wii  mercuric  sulphide,  NgS;  silver^  as  a  black  silver  sul- 
ide,  Ag'tS;  arsenic,  as  a  yellow  arsenious  sulphide,  As*S^i 
titnony,  as  an  orange  anttmonious  sulphide,  5^,5,;  and  tia. 
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as  a  brown  stannous  sulphide,  SnS,  or  as  a  yellow  stannic 
sulphide,  SnSt. 

46.  Platlnlc  Chloride.— Platinic  chloride,  PiCL,  is 
used  occasionally  as  a  precipitant  of  potassium  sodium  and 
lithium.  The  solution  is  prepared  by  dissolving  platinum  in 
aqua  regia,  evaporating  to  dryness,  and  dissolving  in  1  c.c. 
of  hydrochloric  acid  and  9  parts  of  water.  One  c.  c.  of  this 
solution  will  precipitate  .048  g.  of  /T.O. 

47.  Potassium  Bichromate. — Potassium  bichromate, 
A'.Cr.Or,  is  a  powerful  oxidizing  agent,  and  is  used  in  voln- 
metric  analysis.  One  part  of  potassium  bichromate  will  con- 
vert 6  parts  of  ferrous  iron  into  the  ferric  state.  It  is  much 
used  in  titration. 

48.  Potassium  Chromate.  —  A  potassium-chromate, 
KtCrO^,  solution  is  made  by  dissolving  1  g.  of  salt  in  10  c.c. 
of  water.  Potassium  chromate  will  precipitate  yellow  barium 
chromate,  BaCrO^\  yellow  strontium  chromate,  5'rOft;  brick- 
red  silver  chromate,  Ag^CrO^;  red  mercurous  chromate, 
Hg^CrO^,  from  mercurous-salt  solutions,  and  yellow  mercuric 
chromate, //^^0/>4,  from  mercuric-salt  solutions;  yellow  lead 
chromate,  PhCrO^\  yellow  bismuth  chromate,  BiCrO^\  and 
brown  basic  cupric  chromate. 

49.  Potassium  Iodide. — Potassium  iodide,  Kl,  is 
made  into  a  solution  by  dissolving  1  g.  of  salt  in  25  c.  c.  of 
water. 

50.  Potassium  Ferrocyanlde. — Potassium  ferro- 
cyanide,  k\Fc(CN)^,  is  known  z.%  yellow  pmssiate  of  potash. 
It  is  used  in  solution  when  titrating  for  iron.  With  a 
ferrous  solution  it  gives  a  white  precipitate,  which  quickly 
turns  blue;  with  a  ferric  solution  it  gives  a  dark  blue  precip- 
itate; with  a  nickel  solution,  a  greenish  white  precipitate; 
with  a  cobalt  solution,  a  green  precipitate;  with  a  manganese 
solution,  a  white  precipitate;  and  with  a  zinc  solution,  a 
white  precipitate  of  zinc  ferrocyanide.  Potassium  ferro- 
cyanide  gives  a  white  precipitate  from  silver-,  mercury-,  lead-, 
bismuth-,  and  cadmium-salt  solutions.     Copper  ferrocyanide 
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flirown  down  as  a  reddish  brown  precipitate  from  copper 
alt  solutions  when  potassium  ferrocyamde  is  added  to  them. 

6 1  *     P o t a s si  u m    Fe r r  1  c y a n f d e . — Potas sium  feni* 

jide,  A'%fe(CN)tt  known  as  red  prussiate  of  fyoiash^,  is  made 

^fo  solution  hy  adding  1  gf.  of  the  salt  to  10  c.  c.  of  water. 

fith  ferrous  salts,  potassium  ferricyanide  gives  a  dark  blue 

precipitate,  and  with  ferric  salts  a  reddish  brown  precipitate* 

Kxxh  a  solution  of  nickel  salt,  yellowish  brown  nickelotis 

£rricyanide»  A^iV/^»(CA^),„  is  formed.     Brownish  red  cobalt- 

lUK    ferricyanide*    G?,Vr, ( CA^)  n,    brown    manganous    ferri- 

ranide,  Afn^FeA  CN},m,  and  brownish  yellow  xinc  ferricyanide, 

TntFeACNj.t*  are   precipitated   from   their   respective  salt 

>lutions.     Potassium  ferricyanide  is  used  as  an  indicator 

the  spot  plate,  with  the  bichromate  test  for  iron. 

52,  Potasstuni  Pertnan^anate.— Potassium  perman- 
mate,  iCAfnO^,  has  an  intense  purple  or  reddish  purple  color 

rhen  in  an  aqueous  solution.  It  is  made  into  a  solution  in 
rhich  6.25  z*  of  the  pure  salt  is  dissolved  in  1  liter  of 
rater,  and  is  used  in  the  titration  of  iron,  manganese,  phos- 

lorus,  and  lime*  It  readily  gives  up  its  oxygen,  convert- 
ig  -4*us  salts  into  -ic  salts;    the  moment  this  reaction  is 

implete  there  is  a  pink  tinge  imparted  to  iron  solutions. 

53,  Bt a II II oils  ChlorUle, — Stannous-chloride,  SnCtt, 
>]utions  are  made  by  dissolving  1  g.  of  the  salt  in  3  c.  c.  of 
fCl  and  8  c*  c*  of  water.     Metallic  tin  should  be  kept  in  solu- 

Ion,  and  should  be  kept  from  the  air  to  prevent  the  formation 
|rf  oxides.  Stannous  chloride  is  used  in  the  volumetric  deter- 
lination  of  iron  by  the  bichromate  method,  since  it  converts 
erric  to  ferrous  salts.  As  an  indicator  of  gold  in  solutions, 
furnishes  a  beautiful  purple  color^  known  as  th^  purpk  ei 
^a$$iHi^  From  their  salt  solutions,  stannous  chloride  pre- 
white  silver  chloride.  AgCli  black  mercurous 
and  white  mercuric  chloride;  white  plumbic  chloride, 
>C/,;  and  white  cuprous  chloride,  Cu^Ci^* 

Ii4«     Silver  KItrate,— Silver  nitrate,  -^iW.,  is  a  salt 
red  by  dissolving  pure  silver  In  nitric  acid.     If  1  g. 
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of  the  salt  is  dissolved  in  20  c.  c.  of  water,  1  c.  c.  of  the 
solution  will  precipitate  .0104  g.  of  chlorine.  Silver  nitrate 
is  used  for  titrating  potassium-cyanide  solutions,  the  normal 
solution  being  16.86  g.  oiAgNO^  in  1,000  c.  c.  of  HJJ\  Ice 
of  this  solution  is  equal  to  .0129  g.  of  KCN. 

55.  Potassium  Sulphocyanate. — Potassium  sulpho- 
cyanate,  KCNS,  is  made  into  a  solution  by  dissolving  Ig.of 
the  salt  in  10  c.  c.  of  water.  When  used  to  test  ferric  salts, 
it  gives  a  blood-red  coloration. 

56.  Sodium  Salts. — Sodium  hramide^  NaBr^  will  pre- 
cipitate silver  from  solutions  of  silver  bromide. 

Sodium  chloride,  NaCl,  is  used  to  precipitate  silver  from 
solutions  containing  silver. 

Sodium  acetate,  NaCtH^Ot,  is  used  as  a  salt,  or  in  a 
10-per-cent.  solution,  to  precipitate  iron  and  aluminum  in 
the  basic-acetate  separation  of  these  metals. 

Sodium  nitrate,  NaNO^,  may  be  used  for  an  oxidizing 
agent,  in  fusions,  although,  generally,  the  corresponding 
potassium  salt  is  used  in  its  place. 

Sodium'ammonium'hydrogenphosphate,NaNH^HPO^,'kHfi. 
known  also  as  salt  of  phosphorous  and  microcosmic  ja//,  is  usee 
in  blowpipe  and  some  gravimetric  analyses. 

Sodium  ihiosulphatc,  NatS%0^  -h  bHtO,  known  also  as  hyPo- 
sulpln'ti\  or  hypo,  is  used  to  dissolve  silver  from  its  ores,  in 
the  Kiss,  Von  Patera,  and  Russell  lixiviation  processes.  It  is 
also  used  as  a  standard  solution  in  the  determination  of 
copper  by  the  iodide  method. 


ALKALIES    AND    ALKALINE    8AL.TS 

57.  Aininonla. — Ammonia,  NH^OH,  is  used  in  aqueous 
solnti(Mi  havini;  a  specific  gravity  of  .96,  and  is  obtained  by 
diliitinj^^  with  J  volumes  of  water  the  strongest  concentraiai 
animcMiia  havin*,^  the  specific  gravity  of  .88. 

Ammoniuni  hydrate  will  precipitate  from  solutions  tiK 
foUowini^  hydrates:  aluminum  hydrate,  AlAOH)^,  as  i 
white  tlocciilent  substance;  greenish  blue  chromium  hydratft 
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^{Oif)^,  red-brown  ferric  hydrate, /r(0//),;  greennkkelous 

?drate,  Ni[OH)^\   blue  basic  cobalious  salt;  brown  man- 

inous  hydrate,  Afn  ( OH) »;  and  white  zinc  hydrate*  Zn  ( Ofl)t 

will  also  precipitate  brown  silver  oxide »  Ag%0*t   a  black 

lercurous  and  a  white  mercuric  ammonmtn  compound^    a 

fhite  lead  hydrate,  Pb(OII),\  a  dark  blue  basic  cupric  fluid; 

white  bismuth  hydrate,  BiO{OH)\  and  a  white  cadmium 

rdrate,  CdiOH).* 

58.     Atnniotiinni  Carlionate. — The  ordinary  commer* 

iai  ammonium  carbonate,  {N'H^)^CO^y  known  also  as  stsqui* 

irtonak^  produces  in  solution  a  mixture  of  the  neutral  and 

carbonates.     This   feature   is   objectionable  when  the 

ral  carbonate  is  to  be  used,  and  hence  the  solution  is 

iluted  by  adding  1  c*  c*  of  ammonium  carbonate  to  4  c,  Ci 

water.     This  alkaline  salt  is  of  a  readily  decomposable 

Iture,    and    will    precipitate    white    magnesium  carbon  ate. 

r^,:   white  barium  carbonate,  BaCO-yX    white  strontium 

Irbooate,  5r(r^X;  and  white  calcium  carbonate,  CaCO^,     The 

H  is  a  desiulphurizing  agent,  and  is  used  for  decomposing 

ilphate  of  copper. 

69*  Fcjtns^hini  Hydrate. — To  make  a  soluttoo  of 
)tassium  hydrate ,  KOH,  1  g.  of  the  alkaline  sak  is  dis- 
>lved  in  10  c.  c,  of  water.  The  salt  is  kno%vn  as  potash  ivc 
id  causik  p&iash*  It  may  be  substituted  in  most  cases  for 
\  hydrate*  since  it  produces  similar  chemical  compounds. 

PaiuBfiluiii    Carbonate.  —  Potassium    carbooate, 
r«CO»,  is  an  alkaline  carbonate  that  5nds  considerable  use 
fusion  assays,  and  in  gravimetric  analyses*     The  anhy- 
>us  salt  is  pulverised,  and  forms  a  strong  alkali* 

61.    Hoiliuiii  llyilrate. — Sodium  hydrate,  NaOH,  also 

^rmed  sodiupn  kyuhvxiiicr  is  used  as  a  lO-per-cent.  solution; 

bat  is,  !  g.  of  the  hydrate  is  dissolved  in  10  c.  c.  of  water 

^e  alkali  will  precipitate  barium,  calcium,  magnesium,  and 

rontium  as  white  hydrates  having  the  formula  /^iO/f),^     It 

I  also  precipitate  white  aluminum  hydrate,  ^4i(  O//),:  white 

fcrrous  hydrate,  /ue{Ol/),i    white  asinc  hydrate.   Zh(OH}^ 


20  ASSAYING  §57 

greenish  blue  chromium  hydrate,  Cr(OJF/),;  red-brown  ferric 
hydrate,  FeAON).;  green  nickelous  hydrate,  Ni'(OH),\  a 
blue  basic  cobaltous  salt  that  turns  violet  in  an  excess  of 
ammonia;  and  brown  manganous  hydrate,  Afn(OH)^.  Sodium 
hydrate  will  precipitate  silver,  mercury,  lead,  copper,  bis- 
muth, and  cadmium,  either  as  oxides  or  as  hydrates,  and 
antimony  and  tin  as  hydrates. 

62.  Sodium  Carbonate. — Sodium  carbonate,  NaXO,, 
is  used  pulverized  and  dry  for  fusions,  and  in  saturated  solu- 
tions as  a  precipitant.  When  dry  sodium  carbonate  is 
employed,  1  g.  of  the  material  to  5  c.  c.  of  water  makes  a 
practically  concentrated  solution;  while  if  the  crystals  are 
employed  2.7  g.  of  the  carbonate  to  5  c.  c.  of  water  will  be 
required.  This  is  due  to  the  fact  that  the  crystals  contain 
water  of  crystallization.  Sodium  carbonate  will  precipitate 
lithium,  iron,  manganese,  zinc,  silver,  lead,  and  cadmium  as 
carbonates,  and  aluminum,  chromium,  and  copper  as  hydrates. 


METAL.S 

63.  Motals  as  Reagents. — Metal  reagents  are  used  for 
precipitating  metals  from  solutions.  This  may  take  place  by 
an  interchange  of  metals  or  by  electrolysis,  and  probably  in 
some  cases  by  contact  action,  or  catalysis.  The  purer  the 
metals  are  for  reagents,  the  more  reliable  will  be  the  reactions 
and  the  results. 

64.  Aluminum. — Aluminum,  Aiy  in  sheet  form  is  used 
in  copper  assays,  and  in  the  precipitation  of  bismuth. 

65.  copper. — Copper,  Cu,  is  used  in  electrolysis. 

66.  I.i'iul.  Lead,  Pb,  in  sheet  and  granulated  form  is 
used  in  the  laboratory  as  a  precipitant  for  copper,  and  for 
the  reduction  of  iron  from  the  ferro  to  the  ferric  state. 

67.  Iron. — Iron,  Fe,  in  the  form  of  wire  is  used  for 
standardizing,^   and   reducing   purposes. 

68.  Tin. — Tin,  Sn,  is  used  for  precipitation  and  for  indi- 
cating the  presence  of  certain  elements  in  solution.    It  is 
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10  an  oiddmng  agent,  and   Is  used   for  cbangm^  some 
stallic  solutions  from  the  -^tu  to  the  -fr  state. 

\fi9»     zinc. — Zinc,  Zn,  is  obtained  in  granulated  and  sheet 
[18»  as  well  as  in  Aliform  threads  and  as  fume.     It  will 
'firecipttate  gold  and  silver  from  cyanide  solutions,  and  will 
rccipitale  lead,  copper,  arsenic,  antimony*  iron,  etc.  from 
^lutions  containing  those  elements.    The  zinc  must  be  free 
>in  arsenic,  and  contain  but  a  trace  of  iron.     It  will  reduce 
r£c  compounds  to  the  ferrous  state. 

[70.    Nopintti  Acid  Solutions. — Normal  acid  solutions 

standard  solutions  so  prepared  that  each  liter  must  con- 

in    the   chemical   equivalent    weighed    in    grams,    of    the 

fdrogen-replacing  element  or    group   of    elements*      For 

imple,  normal  acid  solutions  are  prepared  so  that  I  liter 

dilute  acid  shall  contain  1  g.  of   replaceable  hydrogen. 

^king  the  molecular  weight  of  sulphuric  acid  and  assuming 

It   it   stands    for   grams,    then   ^*  +  S  +  O^  =  2  +  31.82 

63,52  =  97,34  g.     This  weighed  quantity  placed  in  a  liter 

water  would    represent   a   standard    solution   having   a 

per  cubic  centimeter;  but  as 


-^''^  °^  I'oM  °^  •^^'^ 


sre  are  two  replaceable  atoms  of  hydrogen  in  sulphuric 

id»  the  chemical  equivalent  is  .0973  -J-  2  =  .04865  g.  per 
Ihic  centimeter  in  a  normal  sulphuric*acid  solution, 
[  jS/^nnal  hydrochioricafid  sohtiwus  are  calculated  as  follows: 

+  a  =  1  +  a5,l«  =  36.18  g,  HO  per  liter;  hence,  1  €.  c, 

1!  contain  ,036  g,  of  Hd. 
I  iVornmi    fniric-acid    soiuliom     contain    H  -^  N  ^  O^  ^  1 

13.93  +  47iM  =  62.57  g.  HNO,  per  liter,  and  Ic.  c,  con- 
Ins  sm  g.  of  HNO., 

Ni^rnmi  oxaik  arid  t^^niains  C  +  O^  -^  ff^  —  23.82  +  63,52 

2  =  89.34  4-  2  =  44.67  g.  GO.//,  per  liter,  and  Us  c,  con- 
lins  .044  g.  of  CO,//..     VVHien  the  formula  C.O,//,  +  ^H.O 

taken,  1  c*  c.  contains  .Ujti2  g.  of  oxalic  acid. 


155^62 
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AI.KALI    SOLUTIONS 

71.  Normal  Alkali  Solutions. — Normal  alkali  solo- 
tions  are  those  which  have,  in  each  liter  of  alkali  solution, 
the  chemical  equivalent,  weighed  in  grams,  of  the  hydrogen- 
replacing  element  or  group  of  elements.  The  method  of 
calculating  such  solutions  is  as  follows: 

Normal  sodium-hydrate  solutions  must  contain  Na  •\-  0\R 
=  22.88  -h  15.88  -h  1  =  39,76  g.  of  NaOH  per  litier;  hence, 
1  c.  c.  will  contain  .039  g.  of  NaOH. 

Normal  barium-hydrate  solutions  would  contain  Ba\Ot 
-h  /^.  =  136.4  -h  31.76  +  2  =  170.16  g.  of  BaOM.  per  liter, 
were  it  not  that  there  are  two  replaceable  atoms  of  hydrogen; 

hence,  there  will  be  IZ^  =  85.08  g.  of  BaOM^  per  liter, 

and  each  cubic  centimeter  will  contain  .085  g.  of  BaOJtf 

Normal  ammonium-hydrate  solutions^  {NH^)OHy  contains 
34.81  g.  of  (NH,)OH  per  liter,  and  1  c.  c.  contains  .034  g. 
of  (NH.)OH. 

Norinal  potassium-hydrate  solutions,  fCOH,  contain  56  g. 
of  A^OH  per  liter,  and  each  cubic  centimeter  contains  .055  g. 
of  A^OH, 

Nonual  sodium-carbonate  solutions  cont3.in  52.6  g.  of  NatCO» 
per  liter,  and  1  c.  c.  contains  .0526  g.  of  Na^CO^.  Sodium 
has  the  same  valence  as  hydrogen,  and  in  this  case  the  val- 
ence of  oxygen  is  considered  thus:  Na^O-}cCO^  =  NatCO%* 
NaXO:,  =  105.2,  and,  since  the  valence  of  oxygen  is  2,  the 
solution  will  contain  105.2  -^  2  =  52.6  g.  per  liter. 

Normal  pofassiuffi -carbonate  solutions  contain  A',  -f  C-f-  ft 
=  77.7  +  11.91  -h  47.64  =  137.25,  and  137.25 -^  2  =  68.62  g.  of 
A\CO^  per  liter;  therefore,  1  c.  c.  contains  .068  g.  of  KtCd. 

72.  llalf-Norinal  Solutions. — Half-normal  solutions, 
N/2,  are  one-half  the  strength  of  normal  solutions,  and  to  pre- 
pare them  just  one-half  the  number  of  grams  are  used  per  liter. 

One  half-normal  solution  of  ammonia  is  found  as  follows: 

NIL  -h  N,0  =  ;34.81.     A  normal  solution  of  NH^  is  '^^f 
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17  4 
J  Am  and  k  half-normal  solution  is   -^  =  8,7  g.  per  literj 

1  c,  c.  =  ,0087  g.  of  jV//.. 

One-Fifth  Solutions,  — One-fifth  normal  solutions 
I  written  N/b^  and  are  one-fifth  the  strength  of  normal 

itious;  for  example^  an  A75  solution  of  A\AfHtO^  contains 
g.    of   AvV//.0,   per   liter,    and    is    found   as    follows: 

flfn,-^  O.  =-  312,94  g,.  and  P^'^-  ^  6.25  g.  per  liter. 

5  X  10 

Di^elnurnial  Solutiotie. — Decinorraal  solutions  are 
BO  AVlOt  and  are  frequently  used  where  the  number  of 

ims  of  salt  in  a  liter  would  require  strong  solutions  of  the 
lement  sought  for  saturation.  As  an  examplai  an  A'/IO 
elation  of  potassium  permanganate  contains  3J29  g,  of 
'tAfn^O^  per  liter.  Since  1  c.  c.  is  to  saturate  10  c.  c.  of  the 
ement  sought,  31.29  g.  per  liter  Is  required  for  a  normal 
>lution,  and  3.12  g.  per  liter  for  an  A710  solution,  and  1  c,  c, 
ill  contain  ,W3  g.  of  K\AhuO*. 

goLasstuni  bichromate  in  AVIO  solutions  contains  A**  +  Cr^ 

^^-  -  2.92  g.  per  liten 
10  X  10  ^ 

Mlseelliiiicous  Tltrattnuf   Solntlonii. — Where   a 

^Iton  used  in  titrating  depends  on  some  one  element  for 

ictivjty  and  usefulness^  the  solutions  are  made  normal 

^  element;  thus,  pntassiuin  permanganate  and  potas- 

lichromate  are  used   on   account   of   their   oxidizing 

Ifers.     Such  solutions   are    frequently   made  normal    to 

(Kr  oxygen;  for  example,  a  normal  solution  of  potassium 

jchromate    is    h\0  -f  Cr^O^  =  292.26.     As    there    are    six 

^k  292  2B 

■aceable  atoms  of  oxygen,  — — '  —  —  48,71  g*  of  K^Cr^Ot 


liter  are  required;   hence,  1  c*  c*  contains  .048  g.   of 

r,Ot  reckoned  in  terms  of  oxygen.     In  the  case  of  potas- 

HTi  pertnanganate,  a  normal  Kolutton  contains  31.29  g*  of 

reckoned  in  terms  of  hydrogen;  when  reckoned  in 


IS  of  oxygen,  each  liter  will  contain 


3L29 


7.82  g,  of 
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oxygen,  and  each  cubic  centimeter  will  contain  .0078  g.  of 
oxygen. 

76.  Iodine  Solutions. — Iodine  solutions  are  made  nor- 
mal and  titrated  against  other  solutions,  in  order  to  obtaii 
a  factor  for  calculating  the  quantity  of  a  third  element  ir 
solution.  A  normal  solution  of  iodine  contains  126.01  g.  oi 
/per  liter,  and  1  c.  c.  of  this  is  equivalent  to  .1260  g.  oil 
A  normal  solution  of  sodium  thiosulphate,  NanSnO^hHA 
contains  246.44  g.  per  liter,  and  Ice.  =  .0.246  g.  per  cubic 
centimeter.  One  c.  c.  of  the  standard  iodine  solution  is 
equivalent  to  1  c.  c.  of  the  standard  thiosulphate  solution; 
hence,  .126  g.  of  /is  equivalent  to  .246  g.  of  Na^S^O^hHA 

11.     Silver-Nitrate    Solutions,     AgXO»  +  HA^.—h 

normal  solution  of  silver  nitrate  contains  168.6  g.  of  AgNOt 
per  liter  or  .1686  g.  per  cubic  centimeter.  Usually,  A^/ 10  solo- 
tions  are  used  for  titration.     According  to  the  equation 

AgNO,  -h  2KCN  =  AgKKCN),  +  KNO, 
it   requires  2  molcules,  KCN^   to    saturate    1   molecule  of 
AgNO^.     A  standard  silver-nitrate  solution  can  be  made  op 
from  the  molecular  weights  as  follows: 

^^^^•Isaturatesf^^^^ 
168.68  r^^'^'^^^^n  129.38 

If  168.68  g.  of  silver  nitrate  is  dissolved  in  1.000  c.c.  of 
water,  1  c.  c.  of  the  solution  will  be  equivalent  to  .129  g. 
of  A'CjV.  a  decinormal  solution  would  be  equal  to  .013  g.oi 
A'OV  per  cubic  centimeter  of  AgNO», 

A  standard  silver-nitrate  solution  can  be  made  in  terms  of 
sodium  chloride  from  the  equation: 

AgA^C\  ,   NaO         .  r,  L  KT  Krr^ 
108.68  +  56.06  =  ^^^  +  ^^^^- 
that   is,    1    molecule   of    silver  nitrate,    AgNO^,   saturates 
1  molecule  of  sodium  chloride,  NaCL     Then,  if  168.68  g.  of 
AgNO^  is  dissolved  in  1,000  c.  c.  of  water,  each  cubic  centi- 
meter  is  e(juivalent  to  .056  g.  of  NaCl,  or  to  .035  g.  of  chlorine. 
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rS*     Nor  mill  8alt    Solutions. — In  practice »  it  is  cus- 

lary  to  determine  the  streng^th  of  a  solution  and  so  stand- 

lixe  itt  rather  that  take  a  theoretical  standard  solution. 

method  foUowed  in  determining  the  strength  of  a  solu- 

is  called  ^landardLzlii^  the  sokition.     The  value  of 

rating^  one  solution  against  another  in  order  to  ascertain 

k strength  becomes  evident  when  it  is  known  that  abso- 
^\y  pure  chemicals  cannot  be  obtained,  and  further  that 
y  deteriorate  with  age.     When  the  strength  of  a  solution 
IS  been  ascertained  by  experiment,  it  is  termed  a  siamiard 
tiian  and  is  used  to  ascertain  the  quantity  of  an  element 
I  another  solution.     It  is  possible  to  make  up  standard 
3tions  so  that  100  c,  c*  of  the  solution  will  equal  1  g,  of 
element  sought;    this  divided  by  10  will  give  the  per- 
itage  of  the  element  in  solution.     Such  solutions  prevent 
stakes  in  calculating  percentages,  since  the  burette  reading 
Is  pfacticaliy  all  that  is  required* 

r9i    Tltratliiga^  Soluttous,— When  a  standard  solution 

added  to  another  solution  little  by  little  from  a  burette,  it 

gradually  neutralize  that  solution,  and  then  precipitate 

element  sought.     Solutions  for  titration  are  made  up 

Im  salts  known  to  react  on  the  substances  sought  when 

[Solution.     In  order  to  know  just  when  the  standard  solu- 

from  the  burette  saturates  the  solution  being  tested, 

le  change  of  color  must  take  place  between  the  solution s^ 

if  this  is  not  possible^  an   indicator  that  will  cause  a 

lange  of  color  must  be  used*     Some  indicators  may  be 

jded  to  the  solution  being  titrated,  while  in  other  cases 

must  be  placed  in  the  cavities  of  a  spot  plate. 

The  end  pmni  is  that  point  where  just  sufficient  of  the 

3dard  solution  has  been  used  to  neutralize  the  solution 

ig  tested.    Any  quantity  above  or  below  this  point  will 

an  error  in  caleulations.     When  nearing  the  end  point, 

^at  care  must  be  taken  in  manipulation*    While  theoretical 

itlons  are  not  used  as  standard s^  the  theoretical  weights 

ived  from  chemical  equations  ara  approximately  used. 


26  ASSAYING  §57 

80.  standard  Potassium-Permanganate  Solutions. 
In  the  determination  of    iron  by  Marg^uerite^s  method, 

the  reaction  that  occurs  depends  on  the  oxidizing  properties 
of  potassium  permanganate,  K^Afn^O..  According  to  the 
equation 

IQFeSO,  +  9^H^O^  +  KMn.O. 
=  bFeASO,),  +  2MnS0.  +  K.SO.  -h  8/^.(9 
ferrous  sulphate  is  oxidized  to  ferric  sulphate.     To  accom- 
plish this  reaction  requires  10  parts  of  iron  to  each  part  of 

potassium  permanganate;  hence,  ^«^^»^«  =  ?!?:?  =  .563  g. 

10  X  55.5         555 
of  K^Mn^O.  is  required  to  oxidize  1  g.  of  iron.     To  oxidize 
10  g.  of  iron  will  require  5.63  g.  of  K^Mn^O.  in  1  liter  of 
water;  each  cubic  centimeter  will  then  equal,  theoreiically, 
.01  g.  of  iron,  or  1  per  cent,  of  iron  in  a  1-g.  sample. 

To  prepare  an  approximately  normal  solution  of  potassium 
permanganate,  5.64  g.  of  pure  crystallized  permanganate  is 
dissolved  in  1,000  c.  c.  of  distilled  water.  The  solutionis 
placed  in  a  glass-stoppered  bottle  and  shaken  from  time  to 
time  until  ready  for  use.  The  solution  should  be  made  up 
at  least  48  hours  before  standardizing. 

81.  Standardizing  Potassium  Permangranate.— To 

standardize  the  solutions,  a  solution  containing  a  kno^Ti 
weight  of  iron  is  titrated  with  the  standard  solution  whose 
strength  is  to  be  determined.  The  weight  of  iron  in  the 
solution  divided  by  the  number  of  cubic  centimeters  of  the 
standard  solution  used,  up'to  the  end  point,  gives  the  weight 
of  iron  that  each  cubic  centimeter  of  the  solution  will 
oxidize.  The  iron  used  is  in  the  form  of  piano  wire,  which 
contains  IHJ.T  per  cent,  of  pure  iron.  The  wire  should  be 
well  rubbed  with  fine  sandpaper  or  emery  paper  before 
weighing:  out,  to  remove  dirt  and  the  shellac  with  which  i: 
is  sometimes  covered,  to  prevent  rusting.  The  pieces  for 
weighing:  are  cut  otT  and  coiled  around  a  lead  pencil  in  order 
to  get  them  into  convenient  shape  for  weighing,  which  is 
very  carefully  done  on  the  button  balance. 

Two  separate  iron  solutions  are  always  run  for  standard- 
izing, and  the  average  result  of  the  two  (if  they  check  within 
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reasonable  limits)  is  accepted  as  the  standard  of  the  solu- 
tion. (If  they  do  not  check  properly,  the  work  must  be 
repeated.)  The  charges  of  wire  are  intentionally  made  to 
dififer  by  from  20  to  50  mg.  in  weight;  this  makes  accurate 
work  necessary  in  order  to  get  good  checks;  whereas,  if  the 
two  charges  were  of  very  nearly  the  same  weight,  there 
might  be  a  perfectly  unintentional  and  unconscious  * 'juggling** 
of  results,  to  make  them  agree  whether  they  will  or  not. 

The  methods  of  standardizing  both  solutions  are  given  in 
the  articles  that  follow. 

82.  Dissolving  the  Iron. — Two  portions  of  piano  wire 
of  about  200  and  250  mg.  each,  respectively,  are  first  accu- 
rately weighed.  Each  is  then  placed  in  a  250-c.  c.  flask  or 
beaker  and  10  c.  c.  of  dilute  sulphuric  acid  (concentrated 
H^SOt,  will  not  dissolve  iron)  and  10  drops  of  hydrochloric 
acid  are  added.*  The  whole  is  then  heated  gently  until  the 
iron  is  completely  dissolved,  more  H^SO^  being  added  and 
another  drop  of  HCl  if  necessary.  The  solution  will  take 
only  a  few  minutes.  As  soon  as  the  iron  is  all  dissolved, 
the  contents  of  the  flask  are  diluted  to  about  20O  c.  c.  with 
distilled  water. 

83.  Reducing  Ferric  to  Ferrous  Salts. — More  or 
less  of  the  iron  will  be  oxidized  to  ferric  sulphate  during  the 
solution,  and  this  must  be  reduced  to  ferrous  sulphate  before 
titrating.  To  reduce  the  solution,  2  or  3  g.  of  pure  granu- 
lated zinc  is  added,  and  the  solution  allowed  to  stand  for  a 
short  time.  The  hydrogen  liberated  by  the  action  of  the 
acid  on  the  zinc  reduces  the  ferric  sulphate  to  ferrous  sul- 
phate.    The  solution,  which  is  at  first  tinged  yellowish  by 


•The  HCl  is  added  merely  in  order  to  have  the  conditions  in  the 
standardization  as  nearly  as  possible  the  same  as  the  conditions  in 
regular  determinations,  in  which  it  is  necessary  to  use  some  HCl  in 
dissolving  the  ore.  HCl  has  a  tendency,  if  there  is  much  of  it  present 
in  the  solution — and  particularly  if  the  solution  is  warm— to  decompose 
the  permanjjfanate  and  cause  a  hi^h  result.  By  usinjf,  however,  as 
little  excess  of  HCl  as  possible  in  dissolving  the  ore  and  then  dilutinjs: 
the  solution  up  largely,  adding  a  considerable  excess  of  H^SO^  and 
titrating  the  solution  cold,  the  effect  of  the  HCl  can  be  completely 
coanteracted. 
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the  ferric  sulphate,  soon  becomes  perfectly  colorless.  Very 
small  amounts  of  ferric  salts  do  not  color  the  solutions  per- 
ceptibly; hence,  to  be  absolutely  certain  that  all  the  iron  is 
reduced,  the  solution  should  be  tested  with  a  weak  solution 
of  potassium  sulphocyanate,  KCNS,  or  of  the  corresponding 
sodium  or  ammonium  salt.  A  few  drops  of  sulphocyanate 
solution  are  put  into  the  depressions  of  the  spot  plate,  and 
a  drop  of  the  iron  solution  is  taken  out  on  the  end  of  a  stir- 
ring rod  and  added  to  the  sulphocyanate  on  the  spot  plate. 
Ferrous  salts  do  not  affect  the  color  of  the  sulphocyanates, 
so  that  if  the  iron  is  completely  reduced  there  will  be  no 
reaction;  if  there  is  the  least  trace  of  ferric  salt  present  in 
the  solution,  however,  a  drop  of  the  iron  solution  added  to 
the  sulphocyanate  on  the  spot  plate  causes  a  strong  and 
characteristic  red  coloration.  If,  then,  the  test  gives  a  red 
coloration,  the  reduction  is  incomplete,  and  must  be  con- 
tinued until  the  sulphocyanate  no  longer  gives  any  reaction 
on  the  addition  of  the  iron  solution. 

As  soon  as  the  reduction  is  complete,  and  the  excess  of 
zinc  has  entirely  dissolved,  the  titration  should  be  proceeded 
with  immediately;  if  allowed  to  stand  very  long  exposed  to 
the  air,  some  of  the  iron  will  reoxidize.  The  contents  of 
the  flasks  are  transferred  to  No.  5  beakers,  the  flasks  being 
rinsed  out  well  with  distilled  water,  and  20  c.  c.  of  dilate 
H^SO^,  or  a  correspondingly  smaller  quantity  of  concentrated 
ILSO^  added,  which  should  be  poured  in  slowly  and  stirred 
constantly  to  prevent  spurting.  Concentrated  acid  has  the 
disadvantajje  that  it  heats  the  solution  considerably.  (The 
excess  of  H^SO^  is  necessary  in  the  solution,  both  to  pro- 
mote the  desired  reactions  and  to  counteract  the //CI.)  The 
solution  is  then  diluted  with  distilled  water  up  to  about  700 
c.  c.  in  bulk,  when  it  is  ready  for  titration. 

84.  Titrating:  Iron  With  Potassium  Permanga- 
nate.— In  titrating  iron  with  potassium  permanganate,  the 
burette  is  filled  exactly  to  the  zero  point  with  the  standard 
solution.  The  burette  should  always  be  rinsed  out  with  dis- 
tilled water  before  using,  and  then  a  few  cubic  centimeters 
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the  standard  solution  nin  through  it  and  thrown  away 
gfore  filling  it  with  the  solution.  When  everything  is  ready, 
[little  of  the  iron  solution  should  be  poured  into  a  small 
keTf  to  hold  in  reserve,  and  the  main  portion  titrated, 
^Iher  in  the  beaker  or  in  a  titrating  dish.  At  first,  several 
ibic  centimeters  of  the  standard  solution  may  be  run  in  at 

tuoei  stirring   briskly  all  the   while*    As   the  end  point 

>roaches,  more  caution  should  be  observed,  a  few  drops 

ily  at  a  tinae  being  added*  As  the  permanganate  strikes 
^e  iron  solution  it  becomes  first  brown  and  then  colorless. 

ie  action  becomes  slower  and  the  brown  less  intense 
^ward  the  end  point,  and*  as  soon  as  the  end  point  is  passed, 
le  permanganate  no  longer  breaks  itp  and  decolorizes  on 
iterjng  the  iron  solution,  but  retains  its  purple  color,  tinge- 
the  iron  solution  a  faint  pink.     The  end  point  may  be 

fely  passed  in  the  first  titration,  as  there  is  more  than 
aough  solution  in  reserve  to  bring  it  back.     This  reserve 

now  added,  the  beaker  being  rinsed  out  thoroughly  with 

istilled  water^  and  the  titration  finished  very  carefully,  drop 

drop.     The  end  point  is  reached  when  a  single  drop  of 

le  standard  solution  added  to  the  iron  solution  causes  a 

il,  permanent  pink  tinge  (a  pink  tinge  lasting  1  minute 

ijr  be  considered  as  ''permanent''  for  purposes  of  compar- 

»n)*  Every  chemist  has  his  own  particular  end  point,  but 
irhatever  tinge  is  adopted  for  the  end  point  when  standard- 
ling,  the  same  tinge  must  be  used  as  the  end  point  of  all 
itrations  with  that  solution*     The  paler  the  tinge  accepted 

the  end  point,  the  more  nearly  exact  will  be  the  result  of 

ic  analysis,  as  the  artnat  end  point  is  not  the  point  at  which 

5e  color  shows,  but  is  one  drop  or  portion  of  a  drop  short 

that  point^ — when  all  the  iron  is  oxidized,  but  there  is  no 

se  permanganate  in  the  solution. 


86-  The  other  solution  is  titrated  in  the  same  way,  and 
ie  results  of  the  two  titrations  are  calculated  and  averaged 

obtain  the  standard  of  the  permanganate  solution.  The 
^tlowing  examples  will  illustrate  the  method  of  calculation 
^(ter  than  a  long  verbal  explanation:     Suppose  thai  the  two 
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charges  of  iron  wire  weighed  .2054  g.  and  .2396  g.,  respect- 
ively, and  that  the  titrations  consume  19.9  c.  c.  and  23.3  c.  c. 
of  permanganate  solution,  respectively.  The  iron  wire  is 
about  99.7  per  cent,  pure  iron,  and  the  standard  is  equal  to 

grams  taken  X  99.-7  .,  ^^  .        on-i  v,   oo-^ 

—^-:—v-^;-7^ ;    then,    there     is    .20o4  X  .99< 

no.  c.  c.  of  K^MfuO,  used 

=  .20478  g.   of  pure  iron  in  the  first   solution,  and  .2396 

X  .997  =  .23888  g.  of  pure  iron  in  the  second  solution. 

In  the  titration  of  the  first  solution,  therefore,  19.9  c.  c.  of 

permanganate  solution  oxidizes   .20478  g.   of  iron,  or  eadi 

cubic  centimeter  of  permanganate  solution  oxidizes  --— 

=  .01029  g.  (or  10.29  mg.). 

In  the  titration  of  the  second  solution,  23.3  c.  c.  of  per- 
manganate solution  oxidizes  .23888  g.  of  iron,  or  Qach  cubic 

23888 
centimeter  oxidizes  -^^^-^  =  .01025  g.  (or  10.25  mg.). 

The  average  of  these  two  results  is  the  standard  of  the 

solution.     Thus,  iQ^Q29  +  .01025  ^    ^^Qg?  g.,  or  the  amount 

A 

oi  iron  each  cubic  centimeter  of  the  standard  solution  will 

oxidize. 

The   bottle  containing  the  solution  is  then  labeled  with 

the    name  or   formula    {K^Mn^O^)    of   the   solution  and  the 

standard;    thus: 

'    Potassium  Penjtaiiganate 
i    1  c.  c.  =  .01027  g.  of  Fe   \ 


S(>.  The  solution  should  be  kept  in  a  cool,  dark  place 
when  not  in  use,  as  it  slowly  decomposes  and  loses  strength 
if  expensed  to  the  light.  It  should  be  restandardized  every 
tew  weeks,  as  the  strength  changes  slightly  with  tin:e. 
It  it  is  restandardized  2  or  8  weeks  after  the  first  standard- 
izatioi^  the  residts  will  show  how  fast  it  is  changing  strength. 
and  t"rt)in  this  the  eheniist  will  know  about  how  often  it  will 
be  necessary  to  restandardize  the  solution.  (A  closet  under 
the  table  or  sink  is  very  convenient  for  standard  solutions 
and  other  chemicals  that  are  sensitive  to  the  light.) 
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}T*     Standard  Bichromate  Solutlans, — In  the  pres* 
of  free  acid,  potassium  bichromate  will  convert  a  fer- 
3$  oKide  into  a  ferric  oxide,  according  to  the  formula 
fij^VC/,  +  A\Cr,0,  +  UHCl  ^  ZFe.Ci,  +  2A'a 

This  is  termed  Pcnny*s  method,  and  the  formula  shows 

It  1   part   of   bichromate   solution   will   convert   6  parts 

iron  from  the  ferrous  state  to  the  ferric  state.     Thus, 

^&^*  -  ^1'  -  .877  g.  of  A".0,a  will  satisfy  1  g,  of 

>n.     To  oxidize  10  g.  of  iron  will  require  8  J7  g.  of  A^Cr.O* 
1  liter  of  water,  and  each  cubic  centimeter  will  equal 
^oretically  .01  if-  of  iron- 

iS,    The  standard  bichromate  solution  is  usually  made 

jroximalely  a  half-norroal  solution;  that  is,  1  c.  c,  of  the 

lution  will  oxidize  about  5  rng*  of  iron*     The  end  point  in 

^s  method  is  very  sharp,  and  there  is  less  danger  of  running 

[Tond  it  with  a  weak  solution  ilian  with  a  strong  one, 

which  each  drop  contiiins  two  or  three  times  as  much 

iromate  as^a  drop  of  the  weak  solution.     Some  chemists 

bommend  using  a  strong  solution  (normal  or  even  some- 

at  stronger)  until  nearly  to  the  end  point,  and  then  finish- 

:lhe  titration  with  adecinormal  (iV-nonnal)  solution  (1  c.  c* 

solution  =  1  mg.  of  iron).     The  half-normal  solution  is 

ite  enough,  however,  and  its  use  obviates  the  necessity 

for  making  up  two  solutions  and  of  taking  two  separate 

iidings  of  the  burette  for  each  titration  and  then  figuring  up 
[  amount  of  iron  oxidised  by  each  solution.  The  half-normal 
utioD  is  prepared  by  dissolving  4.89  {or,  roughly,  4.4)  g. 
pure  potassium  bichromate  in  1  liter  of  distilled  water, 
e  sohvtion  should  be  allowed  to  stand  for  a  day  or  two 
lore  s land ard  izi  n  g » 

HfK     Hc>diiclii^   FerrU*   Chlorides   t4>  Ferrotis  Chla* 

leij*— For  titration  with   potassium  bichromate,  the  iron 

^y  hi?  in   solution  as  either    ferriuis  biulphaie   or  ferrous 

>ride.    Two  charges  of  piano  wire,  of  between  lOl)  and 

mg.  each,  are  weighed  up  carefully,  placed  in  2-51 »  e.  c. 
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flasks  or  beakers,  and  dsscdred  b^  bcnHne  in  eidwr  fflUe 
anlplioric  add  or  dante  bfdroclikyric  acid  (5  c.  c.  oooo^^ 
/rC7  and  90  cc  distilled  water).  The  solntioiis  are  dSoted 
np  to  about  900  cc  eadi.  and  the  ferric  iron  is  reduced  to 
the  ieftons  state;  tiien.  the  sedations  axe  tranafened  to  luwt 
beakers,  dihited  np  to  abont  600  c.  c  each,  and  titnted. 
The  method  of  titration  is  the  same  whedier  hydroddoric  or 
snlphmic  add  is  nsed  in  the  solution*  If  the  iron  is  is  the 
ferric  state,  it  rnnst  be  redneed  to  Che  ferrous  state  eitiier  hj 
means  of  cine  or  by  introdncing  several  erams  of  snmdited 
lead  into  the  solution  and  boiling  imtil  Che  rednctioii  ii 
complete.  Ferric  diloride  in  solution  may  be  redndbd  bf 
either  of  Aese  methods,  or  else,  much  more  quickly,  hj 
means  of  a  moderately  strong  solution  of  stannoiu  diloride 
(5jfC/.  =  bichloride  of  tm). 

The  reduction  widi  gnmulated  lead  is  accomplished  as 
follows:  The  solution  is  first  heated  neariy  to  boifing  oicr 
a  Bunsen  burner,  and  then  about  6  g.  of  test  lead  is  added. 
The  solution  is  then  boiled  for  some  time.  The  yellowttiice 
gradually  fades  and  the  solution  finally  becomes  perfectly 
clear.  At  this  point  5  g.  more  of  test  lead  is  added.  The 
solution  is  tested  from  time  to  time  with  potassium  sulpho- 
cyanate.  As  soon  as  the  solution  is  completely  reduced  and 
no  longer  gives  a  red  coloration  or  ferric  reaction  with  the 
sulphocyanate,  it  is  poured  off  from  the  lead  into  a  larce 
beaker.  The  lead  is  washed  several  times,  the  washings 
being  added  to  the  main  solution*  The  solution  is  then 
diluted  and  titrated. 

90.  Reduction  of  Ferric  Chloride  by  Stannons 
ClUoride. — The  reduction  of  ferric  chloride  by  means  of 
stannous  chloride  is  quick  and  simple.  The  solution  is 
warmed  and  then  a  dilute  solution  of  stannons  chloride  is 
added,  drop  by  drop,  stirring  after  each  drop,  tintil  the  iron 
solution  becomes  colorless.  A  few  drops  are  usually  suffi- 
cient. After  the  solution  has  become  perfectly  clear  and 
colorless,  one  more  drop  of  stannous  chloride  is  added  to 
make  complete  reduction  certain  (or  the  solution  is  tested 
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Kth  sulphocyaoate  to  see  that  all  the  iron  is  reduced).    The 

lighl  excess  of  stannous  chloride  must  then  be  oxidized  by 

ie  addition  of  a  large  excess  of  mercuric  chloride.     About 

c.  c.  of  a  saturated  solution  of  mercuric  chloride  is  added, 

it  at  amt — ^and  immediately  after  the  final  drop  of  stannous 

iloride — to  the  iron  solution,  which  should  be  stirred  rapidly 

distribute  the  inercuric  chloride  quickly  throughout  the 

itire  solution.     The  mercuric  chloride  instantly  oxidisses  the 

|annous  chloride  to  stannic  chloride,  and  is  itself  reduced, 

>rmitig  a   dense,    curdy,   white   precipitate    of   mercurous 

iloride.     This  precipitate   does   not  interfere  in  any  way 

iih  the  subsequent  reactions.     The  mercuric  chloride  musi^ 

)weverp  be  added  suddenly  and  in  great  excess;  if  it  is  not 

considerable  excess  or  is  added  slowly — which,  as  the 

paction   between   the   stannous   chloride  and  the  mercuric 

iloride  is  almost   instantaneous,  has   the  same  effect  as 

Iding  it  in  small  quantity — the  stannous  chloride  will  reduce 

irt  or  all  of  it  to  gray,  metallic  mercury »  and  not  only  is  it 

^o  impossible  to  tell  with  absolute  certainty  whether  the 

tannous  chloride  is  completely  oxidized »  but  the  mercury 

Iso  renders  the  result  of  the  titration  unreliable.     If  the 

^cipitate  is  perfectly  white,  the  chemist  is  absolutely  cer- 

lin  that  the  oxidation  of  the  stannous  chloride  is  complete, 

id  that  his  resuUs,  if  the  rest  of  the  work  has  been  done 

irefully,  are  correct?  but  if  there  is  even  the  faintest  tinge 

\i  gray,  there  is  room  for  doubt,  both  as  to  the  completeness 

^f  the  oxidation  and  as  to  the  accuracy  of  the  work. 


91  <     Tit  rat  luff    Iron    Wltli    Bleliromate    act  nt  loo. 

ts  soon  as  the  reduction  is  complete,  the  solution  is  diluted 
Bp  to  about  500  c»  c.  with  distilled  water,  and  about  5  c,  c* 
\i  strong  HO  is  added,  A  reserve  portion  is  poured  off, 
id  the  main  solution  is  then  titrated  with  the  bichromate 
solution,  which  is  run  in  from  the  burette*  The  solution, 
ifhich  was  colorless  at  first— or  white,  if  it  was  reduced 
by  stannous  chloride  — soon  acquires  a  pale  ^reen  tint, 
^tudi  becomes  darker  as  more  bichromate  is  added  and 
tirred  in.     Should   it   turn   brown,   more   HCl  should  be 
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added.  After  the  color  becomes  dark  fi^reen,  the  bichro- 
mate should  be  added  more  carefully,  and  the  iron  solu- 
tion should  be  tested  after  each  addition  by  adding^  a  drop 
of  it  to  an  indicator  solution  of  potassium  ferricyanide  on 
the  spot  plate.  (The  ferricyanide  solution  should  not  be 
too  strong  and  should  be  free  from  ferrocyanide,)  Ferri- 
cyanide gives  a  blue  precipitate  with  solutions  of  ferrons 
salts,  even  in  the  most  minute  quantities,  but  is  not  affected 
by  ferric  salts;  consequently,  the  indicator  solution  will  turn 
deep  blue  with  the  first  additions  of  the  iron  solution,  but 
the  blue  coloration  will  become  paler  and  paler  as  the  titra- 
tion proceeds  and  the  bichromate  solution  oxidizes  more  and 
more  of  the  iron,  and  when  the  last  trace  of  the  ferrous  iron 
is  oxidized  to  the  ferric  state,  it  will  cease  entirely.  The 
point  at  which  the  blue  coloration  ceases,  therefore,  marks 
the  end  of  the  titration.  The  end  point  may  be  passed  in 
titrating  the  main  solution,  as  in  the  permanganate  method: 
then,  the  reserve  solution  should  be  added,  and  the  beaker 
rinsed  out  carefully  with  distilled  water  (the  rinsings  being 
added  to  the  main  solution);  the  solution  is  now  titrated 
very  carefully,  drop  by  drop,  to  the  final  end  point.  The 
second  solution  may  be  titrated  in  the  same  way.  The  solu- 
tions may  be  titrated  either  warm  or  cold;  they  should,  how- 
ever, both  be  titrated  at  about  the  same  temperature,  and  the 
temperature  adopted  in  the  standardization  of  a  solution 
should  be  retained  in  all  subsequent  determinations  with 
that  solution. 

02.  CalculatlngrBlchromate Titrations. — The  results 
in  calculatin<^  bichromate  titrations  are  obtained  exactly  as 
in  the  permany^anate  standardization:  the  weight  of  iron  in 
the  solution  divided  by  the  number  of  cubic  centimeters  of 
standard  solution  used  equals  the  strength,  or  standard,  of 
each  cubic  ccntjnieter  of  the  standard  solution.  The  average 
of  the  two  determinations  is  taken  as  the  standard  of  the 
Solution. 

l.xAMPiK  1-  Two  charges  of  piano  wire  weighing,  respectively, 
ir>o  nii^  and  •JO")  mvr.  were  dissolved  in  HCl^  diluted  to  500  c.  c,  and 
titrated  with  a  bichromate-of-potassium  solution.     It  was  found  tbar 
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it  required  14  c.  c.  and  19  c.  c.  of  the  solution  to  saturate  the  iron 
solution.  What  was  the  standard  strength  of  the  potassium-bichro- 
snate  solution  ? 

Solution. — The  iron   wire  was  99.7   per  cent,  pure;    hence,    the 

solution  will  saturate 

.150  X  .997        „ _..          -  ^     .2a5  X  .997       ^„^_         .  -. 
=  .01068  g.  of  Ff\  tq =  .01075  g.  of  /r.; 


14  -^—s «-,  j9 

hence,  the  standard  will  be 

.01068  -f  .01075        ^-_-         ,  ^       . 
—   — =  .010/1  g.  of /r.    Ans. 

Example  2.— Fifty  c.  c.  of  an  iron-ore  solution  containing  10  g.  of 
ore  required  56.34  c.  c.  of  the  standard  permanganate  solution  to  satu- 
rate it.  One  c.  c.  of  the  K^Mn^Om  corresponded  to  .01027  g.  of  iron. 
(a)  What  is  the  percentage  of  metallic  iron  in  the  solution?  {b)  What 
la  the  percentage  of  ferric  oxide  in  the  solution? 

SOLimoN.— (a)  56.34  X  .01027  =  .57861  g.  of  iron  in  50  c.  c.  of  iron 

solution;  then, 

.57861  X  10  X  100       __  o^,  .      t  17       A 
r-^ =  57.861  per  cent,  of  Fe,    Ans. 

(d)  ~!^-  =  ^—^  =  1.429,  and  57.861  X  1.429  =  82.6  per  cent. 
of  Fe%0^,    Ans. 

03«  Standard  Molybdate  Solution. — In  Alexander's 
method  of  lead  analysis,  ammonium-molybdate  solutions  are 
used  for  titration.  This  method  is  based  on  the  reaction 
that  occurs  when  hot  solutions  of  lead  acetate  are  mixed 
with  ammonium-molybdate  solutions.  A  standard  solution 
of  ammonium  molybdate  is  prepared  by  dissolving  8.6  g.  of 
ammonium  molybdate  in  1,000  c.  c.  of  water. 

Ammonium  molybdate  has  the  ioxxx\\x\^{NH^ ^Mo^O^^\H^O 
and  a  molecular  weight  of  1,237.32.  The  molybdenum  that 
imites  with  the  lead  to  form  PbMoO^  is  derived  from  this 

salt;  hence,  ~^'}-'^^:^l ^,^  =  8.6  g.  of  molybdate  salt  for  1  g. 
-/J/470,(  142.94) 

of  PbMoO^y  and  each  cubic  centimeter  of  this  solution  will 

contain  .01  g.  of  lead.     If  the  solution  is  not  clear,  a  few 

drops  of  ammonia  should  be  added.     As  an  indicator  for 

this  solution,  1  part  of  tannin  in  300  parts  of  water  is  used. 

The  tannin  solution  is  placed  in  drops  on  a  spot  plate,  and 

when  an  excess  of  molybdate  solution  is  added  to  the  lead 
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solution,  the  tannin  solution  turns  yellow.  The  excess 
necessary  to  effect  the  indicator  must  be  determined,  and 
subtracted  from  the  burette  reading:.  The  excess  necessary 
is  ascertained  by  making:  a  preliminary  test  between  the 
tannin  and  the  molybdate  solution. 

94.     standardizing^    Molybdate     Solutions.— Two 

methods  are  in  vogue,  when  making:  up  standard  molybdate 
solutions:  one  is  to  use  pure»  dry,  lead  sulphate,  and  the 
other  is  to  use  pure  lead  foil.     The  two  will  be  given  here. 

1.  To  standardize  an  ammonium-molybdate  solution. 
300  mg.  of  pure,  dry,  lead  sulphate  is  dissolved  in  hot 
ammonium  acetate.  This  solution  is  then  acidified  with 
acetic  acid  and  diluted  with  water  to  250  c.  c.  The  solution 
is  now  boiled  and  then  titrated  with  the  molybdate  solution 
until  all  the  lead  is  precipitated  as  PbMoO^.  The  ammoninm 
molybdate  is  run  into  the  lead-sulphate  solution,  which  is 
stirred  continually.  After  each  addition  of  molybdate  solo- 
tion,  the  liquid  should  be  tested  by  placing  a  drop  on  the 
tannic-acid  solution  on  the  spot  plate.  When  the  tannic  add 
gives  a  yellow  color,  the  titration  is  finished. 

2.  Two  pieces  of  lead  foil  weighing  300  mg.  and  500  mg.. 
respectively,  are  dissolved  in  from  10  c.  c.  to  15  c.  c.  of  1-to-I 
nitric  acid.  When  the  lead  is  all  dissolved,  2  c.  c.  of  1-to-l 
sulphuric  acid  is  added.  The  whole  is  then  stirred  thoroughly 
and  allowed  to  settle.  This  is  now  decanted  on  the  filter 
paper  and  washed  by  decantation  three  or  four  times  with 
water  containing  2  per  cent,  of  sulphuric  acid,  the  decanting 
always  being:  done  as  closely  as  possible.  The  beaker  is 
washed  out  once  with  a  little  cold  water,  as  much  of  the 
precipitate  as  possible  being  kept  in  the  beaker.  The  lead 
sulphate  that  is  on  the  fijter  paper  is  now  dissolved  by  pour- 
ing over  it  .")()  c.  c.  of  hot  amnjonium-acetate  solution.  This 
solution  is  passed  through  the  filter  a  second  or  a  third  time  if 
necessary,  and  the  paper  washed  with  hot  water.  The  hot 
ammonium  acetate  is  then  poured  over  the  main  bulk  of  the 
precipitate.  This  is  heated  until  it  is  dissolved,  diluted  to 
200  c.  c,  made   barely  acid  with  acetic  acid,  and  titrated 
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animotiiani-molybdate  is  run  in  from  the  burette  with 
istant  stirring;  and  tested  from  time  to  tiine  by  placing^  a 

of  the  solution  on  a  drop  of  the  tannic-acid  solution 
Apot  plate.  When  the  tannin  gives  a  yellow  color, 
!  titration  is  finished. 

^5.  Calculatlou  of  Molybdata  Solutions. — The  spe- 
purpose  of  a  molybdate  solution  is  to  precipitate  the  lead 
Bad-Bulphate  solutions.  To  ascertain  the  quantity  of  lead 
|uch  a  solution,  the  weight  of  the  salt  taken  is  multiplied 

_Pd_  ^  205.35 
300.60 


le  factor  for  lead  in  lead  sulphate;  thus, 


^68292;  and  SOO  mg.  X  .68292  ^  .20487  g  .  or  the  amount 

^ad  in  the  solution.     Theoretically,  the  standard  solution 

lid  precipitate  ,01  g*  of  lead  per  cubic  centimeter;  hence, 

rould  take  20*48  c.  c.  to  precipitate  the  amount  of  lead 

inentioned. 

LiiJ*L£  l.^Two  chArges  of  pure  lead  sulphate,  one  weighing 
Qg*  and  the  other  275  mg-,  were  used  to  standardiie  a  solotion  of 
aoatom  molybdate.  The  first  charge  required  26*6  c*  c*,  aud  the 
sd  charge  28  c*  c.     What  was  the  standard  of  the  solutioD? 


jLimuiff. — 


,250  X  .68292 


26.5 


.00644,    and 


,275  X  .68292 


SS 


.00670; 


,00644  +  .00670 


=-  .00657,    Aas. 


PLl  2,^ — Two  pieces  of  pure  lead  foil  weighings  S25  mg*  and 
ig.^  respectively,  were  dissolved  in  nitric  aeid  and  converted  into 
llpliate  by  sulphnHc  acid,     (a)  What  weight  of    iead  sitlpbate 
!  in  eachsolntioit?     {6)  What  was  the  standard  of  the  molyh* 
Itstioo  when  it  required  ^A  c.  c,  in  one  case«  and  34.6  c*  c*  ia 
:»ilief  to  neutralise  the  lead*  ammonium -acetate  solndoQ? 

LtmoN.— u)  The  pereentfine  **f  -W,  in  /^SO^  is  3r707»  and  the 
^r   ts   .31707.     ,323  X. 31707  =   ,10:i.   and   JOS  +  ,325  =  42H   ttig. 
^31 707  ^  111,  and  .111  +  .350  =  itM  mg.    Aos, 
.428  X  .682R3  _    ,„^^^,    _    ^  .461  X  *682t»2 

— feX 


^  XWUt2,  and 
.00902  +  ooino 


2 


34.tS 


.00610:  whence 


Ans. 


St  Rti  il  n  r <  i !  •otfts  s  t  ti  i  n  -  €yi\  n  Ul  e  S  o  h  1 1 1  o  u  s ,  — S  tand- 
potassiam-cyanide  solutions »  KCN-^  H\0,  are  used  iti 
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the  volumetric  determination  of  copper.  If  a  potassium- 
cyanide  solution  is  added  in  excess  to  a  blue  ammonical 
solution  of  copper  nitrate,  the  latter  will  be  decoloriied. 
The  reaction  that  occurs  is  such  as  to  form  a  double  salt  of 
copper  potassium  cyanide,  which,  according  to  Remsen. 
has  the  formula  KCu(CN)^,  or  KnCu(CN^)^,  Remsen  states 
that,  under  ordinary  circumstances,  a  compound  having  the 
formula  K'^Cu^CA-)^  is  formed.  For  the  purposes  of  calcula- 
tion, the  reactions  represented  by  the  following  equations 
may  be  used: 

2Cu  +  AKCN+  O  +  H,0  =  2CuK{CN).  -|-  2K0H 
Cu(NO.),  +  2KCN  =  OiiCN),  +  2AWa 

According  to  the  first  equation.  -~^  =  ^^-^  =  2.05; 

that  is,  1  g.  of  copper  will  saturate  1.025  g.  of  KCN]  and 

129  38 
according  to  the  second  equation,  ~^-  =   1.025,  or  1  g. 

124.67 

of  copper  will  saturate  1.025  g.  of  KCN. 

As  it  is  difficult  to  obtain  chemically  pure  potassium 
cyanide,  the  solutions  are  made  strong^,  and  then  diluted  and 
standardized  against  pure  copper-nitrate  solutions. 

The  cyanide  solution  should  be  approximately  half  normal 
(1  c.  c.  =  5  mg.  copper).  A  solution  of  about  this  strength 
may  be  made  by  dissolving  22  g.  of  commercial  potassium 
cyanide  (chemically  pure  cyanide  is  unnecessary)  in  1  lite: 
of  distilled  water.  The  solution  should  be  kept  in  a  tightly 
stoppered  colored-glass  bottle  (dark  green  glass  is  best)  ia 
a  cool,  dark  place;  or,  if  a  dark  place  is  not  available,  the 
bottle  should  be  covered  with  black  paper,  as  the  cyanide 
decomposes  (luite  rapidly  under  the  influence  of  light.  Scribe 
chemists  also  pour  in  a  little  coal  oil  above  the  cyanide  solu- 
tion in  the  bottle  to  further  protect  it  from  decomposition. 
The  solution  should  be  restandardized  frequently.  Great  care 
should  be  exercised  in  handling  it,  as  it  is  extremely  poisonous 

97.     standardizing  Potassiuiu-Cyauide  Solutions. 

The  cyanide  solution  is  standardized  by  titrating  solutions 
containing    known    weights   of    copper.     Two    charges  d 
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illy  pure  copper  foil,  of  between  200  and  300  mg. 

be  weights  of  the  two  charges  should  vary  con- 
iiderably,  as  in  the  case  of  tlie  Iron  wire  for  standardizing 
the  permanganaie  solution),  are  weighed  and  placed  in  an 
r-^  meyer  or  flat-bottomed  glass  flask  of  about  250  c.  c- 
ly,  and  5  c.  c*  of  concentrated //A'^O*  added.  The  cop- 
per will  immediately  dissolve  and  the  flasks  will  be  filled  with 
itense  red  fames  of  nitric  oxide.  The  flasks  are  now  placed  on 
tbe  hot  plate  and  healed  until  the  red  fumes  are  completely 
expelled.  After  removing  the  flasks,  the  contents  of  each 
arc  dihited  to  about  100  c.  c*  with  distilled  water»  and  10  c,  c, 
of  strong  ammonia  water  added.  Copper  hydrate  is  formed 
and  immediately  dissolves  in  the  excess  of  ammonia,  giving 
I  deep*blue  solution.  The  solution  is  now  ready  for  titration. 
The  cyanide  solution  is  now  run  in  from  a  burette  (the 
Mreite  should  be  rinsed  with  water  and  finally  with  a  little 
>f  the  cyanide  solution  before  starting  the  titration)  until 
he  color  begins  to  fade.  The  solution  is  then  allowed  to 
Itand  for  about  10  minutes,  when  it  is  diluted  with  distilled 
valer  to  about  200  c.  c.  The  titration  is  finished  very  care- 
oily  I  the  flask  being  shaken  after  each  addition  of  cyanide* 
I  is  advisable  to  hold  a  little  of  the  copper  solution  in 
eserve,  in  case  the  end  point  is  accidentally  passed.  The 
sijcl  point  most  commonly  used  is  the  point  at  which  only 
he  faintest  tinge  of  pink  shows  at  the  upper  edges  of  the 
lOlution  when  the  flask  is  held  against  a  white  background 
n  a  good  Itghi.  Many  chemists  stop  somewhat  short  of 
hiH*  while  the  entire  solutioti  retains  a  pink  tinge;  and  some 
ro  beyond*  titrating  until  aii  the  color  has  disappeared*  The 
attcr  practice  is  attended  with  considerable  risk  of  running 
liljh,  however;  with  the  former  it  is  ratlier  difficult  always 
o  strike  the  same  tintt  and  even  if  there  is  no  error 
pade  in  this  way,  unless  the  amount  of  copper  in  the  ore 
lolutions  is  approximately  the  same  as  that  in  the  copper 
;o1utions  used  for  standardizing,  there  will  still  be  a 
U^ht  discrepancy,  as  the  exact  amount  of  unconverted 
tr  hydrate  necessary  to  impart  the  pink  tint  of  the 
point  iS  not  known*    The  nearer  to  colorless  the  titration 
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is  carried,  the  smaller  will  be  the  error  due  to  unconTerted 
copper  hydrate. 

98.  Calculating:    the    Strenfirtli    of    Solution.— To 

ascertain  the  quantity  of  copper  that  a  cubic  centimeter  of 
the  KCN  solution  will  throw  down,  the  solution  is  titrated 
against  known  quantities  of  pure  copper  in  solution.  The 
result  obtained  is  marked  on  the  bottle  of  KCN  solution. 

The  method  of  standardizing:  is  illustrated  by  the  follow- 
ing example: 

Example. — Two  charges  of  pure  copper  foil  weighed,  respectppely, 
.2a>l  g.  and  .2554  g.  The  first  when  titrated  required  24  c.  c.  of  the 
KCS  solution,  and  the  second  required  26  c.  c.  What  is  the  stindird 
strength  of  the  KCN  solution,  reckoned  in  grams  of  copper? 

2354  2554 

Solution.—    —^  =  .00980,  and  '         =  .00989;  then, 

•°^+«^=  .00964  8. 

That  is,  1  c.  c.  of  the  KCN  solution  is  equivalent  to  .00964  g.  o^ 

copper.     Ans. 

99.  Cyanide  Poisoning^. — Potassium  cyanide  takco 
internally  in  very  small  quantities  is  a  deadly  poison.  It 
acts  almost  immediately  on  the  system,  affecting  particularly 
the  action  of  the  heart;  hence,  any  remedies  at  hand  must  be 
used  quickly.  The  chemical  should  not  be  handled  with  the 
bare  hands,  as  it  is  readily  soluble  and  perspiration  may 
cause  some  of  it  to  adhere.  If  the  hands  are  thrust  into 
weak  solutions  of  potassium  cyanide,  it  causes,  on  some 
persons,  bad  sores  similar  to  boils.  The  poisonous  gases 
liberated  during  the  acid  treatment  of  materials  containifli 
potassium  cyanide  are  also  a  cause  of  poisoning.  In  some 
cases,  the  fumes  arising  from  lixiviation  vats  where  agit^ 
tion  has  been  in  progress  have  caused  nausea,  which  is  the 
first  symptom  of  cyanide  poisoning.  Assayers,  however, 
at  copper  plants  make  thousands  of  copper  assays  yearly 
without  feeling  any  bad  effects. 

1 00.  Antidotes  for  Cyanide  Poisoning. — In  the  case 
of  poisoning  caused  by  placing  the  hands  in  cyanide  solu- 
tions, a  salve  should  be  applied  that  is  made  up  of  equal 
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of  kiiAycl  and  Bortc-aHd  Qtniments.     Weltuig  of  the 

Is  should  be  avoided  until  the   inflammattoa  has  been 

iced*     It  will  require  some  time  to  effect  a  complete  cure* 

the  case  of  poisonifig  by  cyanide  fumes,  pemxide  ^/ 

vgen,  H^O^,  is  sometimes  an  antidote.     It  is  injected 

adermically  in  solutions  of  from  2  Ho  3  per  cent*     The 

clions  are  made  every  4  minutes  at  diSereot  parts  of  the 

while  at  the  same  time  the  stomach  is  to  be  washed 

[with  a  2-per-cent.  hydrogen-peroxide  solution.     Peroxide 

lydrogen,  H^O^^   forms   with   hydrocyanic   acid^  NCN, 

imide/"  CON/ftf  which  is  a  harmless  compound;  thus: 

7 A  +  NiOt  —  2 COAT/,,     In  case  the  patient  is  uncon- 

IS,  his  mouth  must  be  forced  opeui  and  his  stomach  filled 

the  solution  and  then  washed  out*    After  this  treatment, 

HI  is  had  to  artificial  respiraiion^ — such  as  is  given  in  cases 

>parenl  drowning  and  asphyxiation,  or  in  accidents  from 

Cirlcily, 

At  the  Australian  cyanide  plants,  the  following  chemicals 
ad  apparatus  are  kept  in  marked  places:  a  tin  box  containing 
kettle  of  ferrous-sulphate  solution,  made  up  of  7.5  g,  of  salt 
BSO  c.  c.  of  water;  a  bottle  containing  1.5  g.  of  caustic  soda 
^■olved  in  800  c.  c»  of  water;  and  a  tube  containing  2  g*  of 
K^esia.  The  chemicals  are  hermetically  sealed,  and  are 
>t  in  the  box,  which  has  a  cover.  When  the  solutions  are 
1  they  are  mixed  in  the  tin  box,  and  the  magnesia  is  added  to 
fsolution*  If  the  patient  is  conscious,  he  must  drink  the 
iote  at  once,  followed  by  half  a  pint  of  water*  If  vomiting 
>l  induced,  the  patient  must  be  pumped  out.  In  case  the 
mi  is  unconscious,  the  solution  is  poured  down  a  stomach 
and  then  the  stomach  pumped  out*  In  this  case^  a  gag 
ill  be  required,  and  the  operation  of  washing  out  the  stomach 
Lffepeated  sei^eral  times.  Artificial  respiration  is  next 
^pced,  by  the  use  of  ammonia  or  smelling  salts,  or,  if  these 
o  not  prove  effective,  by  the  adoption  of  the  means  employed 
>  resuscitate  apparently  drowned  persons. 


H«     StandHrd  Potiisslufn-Ferrocyaiilde  Solortons. 
SO  a  solution  containing  a  zinc  salt  is  brought  in  contact 
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with  an  excess  of  an  aqueous  solution  of  ferrocyanide 
of  potassium,  K^FeCy.  +  H^Oy  zinc  ferrocyanide,  Zii,/vr(CA1,. 
is  precipitated.  The  precipitate  is  white,  and  has  the  composi- 
tion Zn^Fe^K'^(CN)i^,  as  derived  from  the  equation: 

2k\Fe{CN).  +  3Z«C/.  =  Zn^Fe^K^^N),,  +  ^KCl 
From    this    equation    it    requires     V^^^^N).  ^  1^ 

=  3.81  g.  of  potassium  ferrocyanide  to  satisfy  1  g.  of  linc. 
If  1  c.  c.  of  the  solution  is  to  be  made  equal  to  .01  g.  of  zinc, 
then  38.1  g.  of  the  salt  is  dissolved  in  1  liter  of  water. 

102.     standardizing:  Potassium  Ferrocyanide.— To 

standardize  potassium  ferrocyanide,  two  charges  of  between 
200  and  250  mg.  each,  are  weighed  out  of  chemically  pure 
zinc  oxide  that  has  previously  been  heated  in  a  porcelain 
crucible,  to  drive  off  moisture  and  convert  any  carbonate  of 
zinc  into  oxide.  The  oxide  will  turn  yellow  on  heating,  bat 
will  resume  its  white  color  when  cold.  The  two  accurately 
weighed  charges  are  then  transferred  to  beakers  of  about 
300  c.  c.  capacity,  and  the  oxide  is  dissolved  by  adding  oc.c. 
of  concentrated  //CI.  The  whole  is  then  diluted  with  about 
50  c.  c  of  distilled  water.  Ammonia  in  slight  excess  is  now 
added,  and  then  neutralized  with  //C/y  litmus  paper  being 
used  as  an  indicator.  (The  addition  of  ammonia  and  its 
neutralization  with  //CI  are  not  necessary,  but  are  done 
simply  to  have  the  conditions  of  the  standardization  as 
nearly  as  possible  the  same  as  the  conditions  of  an  actual 
analysis.)  To  the  neutral  solution  an  excess  of  lOc.c.  o: 
concentrated  //(7  is  now  added,  the  solution  diluted  to  25i' 
c.  c.  with  cold  distilled  water,  and  then  titrated,  a  solution  o: 
uranium  acetate,  6^(^^,(C//,0,)„  being  used  as  an  indicator. 
The  end  color  is  brown  when  a  saturated  solution  of  uranium 
acetate  is  used.  The  uranium-acetate  solution  is  clarifiec 
with  a  few  drops  of  acetic  acid;  as  the  solution  decomposes 
rapidly  when  exposed  to  the  light  and  air,  it  should  be  kept 
in  a  tightly  stoppered  bottle  and  in  a  dark  place. 

As  lon^  as  there  is  not  an  excess  of    ferrocyanide,  the 
uranium   solution  on   the   spot  plate  is  not  affected  by  the 
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littofi  of  a  drop  of  the  ^ioc-chloride  solution;  as  soon, 
reven  as  there  is  the  least  excess  of  ferrocyantdet  the 
licator  turns  brown,  thus  marking  the  end  of  the  titration* 
pn  all  subsequent  titrations,  care  must  be  taken  to  have  the 
tjons  as  nearly  as  possible  the  same  as  in  the  standard- 
ly the  bulk  of  the  t^olution  should  always  be  the  same; 
tzine  solution  should  be  warm  (but  not  too  hot  to  handle) 
should  contain  the  same  excess  of  HCi  in  all  cases,  and 
temperature  of  the  standard  solution  should  not  vary 
ich,  if  good  results  are  desired.     The  precipitate  of  ferro- 
lide  of  s^inc  should  come  down  pure  white,  and  the  solu- 
should  be  colorless  or  nearly  so* 

103-     I'lUetiliitlon  of  Potass titm-Ferrocyanlde  Sol u- 

tloiis.—'J'he  charges  of  ztnc  oxide  taken  for  titration  were 
mg.  and  2^50  me,  respectively.    These  are  reduced  to 

lir  equivalent  of  metallic  xinc  as  follows:     „'''    -  __  ' 

ich  gives  .80^41  as  the  factor  for  %\m.  200  x  .80341 
leOJiS  mg.  of  zinc,  and  250  X  80341  =  200.85  mg,  of 

ic.  On  titrating,  it  was  found  that  15.2  c,  c,  and  2(X*i  c.  c, 
e    required   to   sattirate    the  zitic  solutions;    hence,   the 

indard  of  the  soUuion  would  be  160.49  4-  16.2  =  ,0099  g, 

«inc  per  cubic  ceutimeter,  and  200.61  -h  20.3  =  •00989  g. 
»iiic  per  cubic  centimeter.  The  standard,  theT«fore»  is 
!9  £,  of  zinc  per  cubic  centimeter. 

Il04t  8odluiti  'llilosulphate  Bol  tit  Ions. — ^Potassmm 
lide  will  precipitate  all  the  copper  from  an  acetic-acid 
lution  as  cuprous  iodide,  liberating  at  the  same  lime 
lioe,  according  to  the  equations: 

tipper  acetate 


potassham 
iodide 


cuprous 
iodide 


A     +  4AX\ff,0, 

iodiae        P^^^ 
acetate 


water 


fiod*«m  Iodine        sodium  sodium 

thio^ulphiit*  luujuc  iodide        terrathionate 

^fom  these  equations^  1  g.  of  iodine  will  saturate  1.96  g. 
IsodJum  thiosulphate;  hence»  the  standard  solution  should 
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contain  20  g,  of  thiosulphate  in  1  liter  of  water.  The  iodine 
is  measured  by  the  thiosulphate,  using:  starch  as  an  indicator, 
which  turns  iodine  solutions  blue. 

The  starch  solution  is  made  by  shaking:  up  1  g.  of  finely 
powdered  starch  in  a  few  cubic  centimeters  of  cold  water, 
thus  making:  a  thin  paste,  after  which  it  is  mixed  with  abont 
200  c.  c.  of  boiling  water.  The  solution  sours,  and  should 
be  made  up  fresh  every  few  days.     It  is  used  cold. 

105.     standardizing^   Tlilosalpliate    Solutions.—To 

standardize  thiosulphate  solutions,  two  pieces  of  copperfoil.of 
.2  g.  each,  are  dissolved  in  5  c.  c.  of  nitric  acid  and  evaporated 
to  3  c.  c.  Five  c.  c.  of  hot  water  and  6  c.  c.  of  ammonia  arc 
then  added,  the  solution  is  boiled  a  few  minutes  and  then 
allowed  to  cool,  after  which  it  is  diluted  to  75  c.  c.  and  Sec. 
of  acetic  acid  and  5  g.  of  crystallized  potassium  iodide  added. 
This  is  shaken  until  all  the  copper  has  been  dissolved  and 
precipitated,  and  then  the  free  iodine  in  solution  is  titrated. 
To  accomplish  this,  thiosulphate  is  run  in  from  the  burette 
until  the  brown  color  of  the  iodine  chang:es  to  yellow;  then. 
from  2  c.  c.  to  4  c.  c.  of  the  starch  solution  is  added,  and  fol- 
lowed by  more  thiosulphate  until  the  blue  color  has  dis- 
appeared. When  near  the  end  point,  the  solution  must  be 
stirred  thoroughly  and  the  thiosulphate  added,  drop  by  drop. 

Example.— Two  pieces  of  copper  foil  weighed  .213  g.  and  .226  g. 
res])ectively.  These  were  dissolved  and  used  to  ascertain  the  strength 
of  ii  thiosulphate  solution.  It  was  found  that  it  required  20  c.  c.  of 
thiosulphate  for  one  solution,  and  22  c.  c.  of  thiosulphate  for  the  othr 
solution,  to  decolorize  the  iodine  and  form  sodium  iodide.  What  was 
the  strength  of  the  solution  in  terms  of  copper,  the  molecular  weight 
of  iodine  being  126.54  and  that  of  copper  63.18? 

SoLrnoN—     .213  -=-  20  =  .01065,    and   .226  -t-  22  =  .01073;    hence, 

^    =  .01069  g.  of  thiosulphate  solution  is  equivalent  to 

.01  ::c  of  iodine.  126.54  :  63.18  =  .01069  :  x;  hence,  jc  =  .0053  g.  c* 
copper  per  cubic  centimeter  of  thiosulphate.    Ans. 
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VOLUMETRIC  AND  GRAVIMETBIC 
ANALYSIS 


VOL.LTMETKIC  ANALYSIS 


DETEIIMINATIOK    OF    IROH    IN    OBKS 

1,  Treat m€?nt  of  Iron  Ores. — Ordinarily,  hematite, 
ttnonite,  magnetite,  and  siderite  will  yield  all  their  iron  by 

liltn^  with  hydrochloric  acid.  Sulphide  ores  will  not 
Iways  yield  up  their  iron  to  hydrochloric  acid  alone^  and  are 
lerefore  treated  with  a  mixture  of  nitriCj  hydrochloric,  and 

ilphuric  acids*  Occasionally,  an  ore  is  encountered  that 
rill  not  yield  all  its  iron,  even  to  the  combined  action  of  all 
iree  acids;  such  ores  are  fused  with  sodium  carbonate ,  or 

>tassium  bisulphate,  which  makes  them  soluble.  Special 
lethods  of   dissolving    iron    in   ores    are    worked  out  and 

lopled  by  assayers«  but  nearly  all  of  them  use  either 
*emiy^R  tuetlicMl,  which  is  the  bichromate-of-potash- 
solution  method  of  titration,  or  else  Margin er lie's 
tticttiod«  which  13  the  potassium-perTnan^anate-solutlon 
lethod  of  titration  for  determining  the  iron* 

2*     Treatment   of    Ozldlzed    Irou    Ores. ^Duplicate 
larges  of  ore,  of  1  g«  each — or  i  g.  if  the  ore  runs  very 
high  in  iron — are  treated  in  small  casseroles  or  beakers  with 
c-  c-  of  concentrated  NO^     (The  use  of  small  vessels  in 
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cisso!v:c^  ores  is  always  desirable,  as  it  avoids  a  1ar£:e 
excess  of  acid  J  The  casseroles  or  beakers  shoald  be  cov- 
ered with  watch  glasses,  concave  side  up,  and  should  be 
heated  slowly,  preferably  on  a  sand  bath — a  shallow  pan  of 
sand  set  over  a  burner — to  avoid  spurting^  and  bumping. 
The  solution  usually  requires  about  30  minutes;  when  it  is 
complete,  the  insoluble  residue — usually  consisting  for  the 
most  part  of  silica — is  colorless  and  free  from  black  specks 
of  undecomposed  ore.  Somewhat  refractory  ores  may  some- 
times be  gotten  completely  into  solution  by  boiling  down  to 
dryness  and  then  adding  about  3  c.  c.  more  acid  and  beating 
again;  or,  if  the  iron  is  subsequently  to  be  reduced  by  stan- 
nous chloride,  a  few  drops  of  stannous  chloride  (2  or  3  are 
sufficient)  added  to  the  acid  used  in  dissolving  the  ore  will 
aid  greatly  in  getting  the  ore  into  solution.     • 

When  the  ore  is  completely  decomposed,  it  is  diluted  with 
distilled  water,  and  the  insoluble  residue  stirred  and  nibbed 
with  a  rubber-tipped  glass  stirring  rod  {di  fro i iceman) ,  to  break 
up  any  clots  that  may  have  formed.  Small  specks  of  solu- 
tion that  have  dried  on  the  sides  of  the  vessels  and  on  the 
watch  glasses  may  be  dissolved  by  rubbing  them  with  a 
stirrin^^  rod  moistened  with  the  dilute-acid  solution  from  the 
casserole  or  beaker  and  then  washing  them  off  into  the 
main  solution  with  distilled  water  from  the  wash  bottle. 

The  solution  is  then  heated  nearly  to  boiling  and  filtered 
into  the  flask  for  reducing.  The  heating  is  not  absolutely 
necessary,  but  it  takes  very  little  time,  as  the  vessel  may  be 
iK.'ated  with  only  a  screen  between  it  and  the  flame,  and  hot 
s(>luti()ns  filter  much  more  rapidly  and  are  cleaner  than  cold 
solutions.  The  vessel  and  the  insoluble  residue  are  washed 
three  or  four  times  with  distilled  water  and  the  washings  run 
tlir-'ii^h  the  filter  into  the  main  solution.  (In  washing  the 
insoluble  residue,  the  solution  should  be  decanted  of!  very 
earetully  (m  to  the  lilter,  leaving  as  much  of  the  residue  in 
the  eassiiole  or  beaker  as  possible  until  the  final  washin;;. 
as  it  can  br  washed  much  more  rapidly  and  to  better  advan 
ta^e  in  the  xe^^el  than  in  the  filter.)  The  filter  paper  itself 
is  tin^illy   w  a>lKHl  by  the  jet   from  the  wash  bottle  and  the 
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washings  are  allowed  to  nin  through.  A  fresh  filter  paper 
should  always  be  used  for  each  solution. 

The  solution  is  now  diluted  with  distilled  water  to  about 
200  c.  c;  5  c.  c.  of  concentrated  H^SO^  or  HCl — according 
to  the  method  of  reduction  and  titration  to  be  pursued — is 
added  (20  c.  c.  of  dilute  H^SO^  may  be  used  instead  of  the 
5  c.  c.  of  concentrated  acid);  and  the  solution  is  then  reduced 
by  zinc,  lead,  or  stannous  chloride  in  the  same  way  as  the  solu- 
tion was  reduced  for  standardizing.     See  Assaying,  Part  4. 

As  soon  as  the  iron  is  completely  reduced,  each  solution 
should  be  diluted  to  about  700  c.  c.  if  the  permanganate 
method  is  to  be  employed  for  the  titration,  or  to  500  c.  c.  if 
the  bichromate  method  is  to  be  used;  a  further  excess  of 
5  c.  c.  of  acid  is  added  for  safety,  and  then  the  titration 
is  concluded.  The  titration  is  conducted  exactly  as  in  the 
standardization,  with  the  same  precautions,  the  same  end 
point,  and,  as  nearly  as  possible,  the  same  conditions. 

The  amount  of  iron  in  the  solution  is  determined  by  multi- 
plying the  number  of  cubic  centimeters  of  standard  solution 
used  by  the  standard  of  the  solution.  If  1-g.  charges  of  ore 
are  used,  the  percentage  of  iron  is  given  directly;  if  i-g. 
charges  are  taken,  the  result  must  be  multiplied  by  2  to 
obtain  the  percentage  of  iron  in  the  ore.  The  average  result 
of  the  duplicate  titrations — which  should  agree  within  .1  to  .2 
per  cent. — is  taken. 

EXAMPLES     FOR     PRACTICE 

1.  Duplicate  1-g.  ore  charges  are  run.  The  titration  of  one  solution 
consumes  37.3  c.  c.  of  the  standard  sohition;  of  the  other,  37.4  c.  c. 
The  standard  of  the  solution  is  .()0i>7  (1  c.  c.  =  X\^M  ^.  of  iron).  How- 
much  iron  does  the  ore  contain?  Ans.   .3e)23,  or  3().23  per  cent. 

2.  Ore  charjres  \  jr.  (.500  m^.)  each.  Standard  solution  used  in 
titration,  27.6  and  27.5  c.  c,  respectively.  Strenj^th  of  standard  solu- 
tion, 1  c.  c.  =  .0109  ^.  of  iron.     How  much  iron  does  the  ore  contain? 

Ans.   .(M)CMi,  or  (J0.06  per  cent. 

3.  Fifty  c.  c.  of  a  \-%.  iron-ore  solution  reduced  with  zinc  required 
34.65  c.  c.  of  standard  bichromate  solution.  One  c.  c.  of  KtCf\Oj 
solution  was  equivalent  to  A)\i\^  tj^.  of  iron,  {a^  What  was  the  per- 
centage of  iron  in  the  ore?     (h)  What  was  the  ])er(entaj^e  of  ferric  oxide? 

*       /  !</>  5s. 21  per  cent,  of  Ff 
^^""^  \i/;)   s:MS  per  cent,  of  Fe^O^ 
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3.  Treatment  of  Sulphide  Iron  Ores. — Duplicate 
charges  of  .5  g. — or  1  g.  if  the  ore  runs  low  in  iron — are  dis- 
solved in  small  casseroles  or  flasks,  with  2  c.  c.  of  strong  HCl, 

5  c.  c.  of  strong  HNO^,  and  8  c.  c.  of  dilute  H^SO^,  added  in  the 
order  named.  The  dilute  acid  should  consist  of  60  per  cent. 
concentrated*  HtSO.  and  of  40  per  cent,  water.  In  diluting 
//,SO^,  the  acid  should  always  be  poured  gradually  into  the 
water — and  the  mixture  stirred  constantly  while  pouring. 
If  the  ore  is  dissolved  in  flasks,  the  subsequent  reduction 
may  be  made  in  the  same  flasks.  The  solution  should 
now  be  heated  on  a  sand  bath  or  a  hot  plate  until  dense 
white  fumes  of  sulphurous  oxide,  which  are  recognized 
by  their  color  and  suffocating  sulphurous  odor,  are  evolved. 
The  purpose  of  the  sulphuric  acid  is  merely  to  make  sure 
that  the  last  trace  of  nitric  acid  is  expelled.  The  nitric 
acid  is  necessary  to  break  up  the  sulphides;  but  if  the 
least  trace  of  it  remained  in  the  solution,  it  would  ruin  the 
titration.  T/if  boiling  point  of  H^SO^  is  so  much  higher  than 
that  of  ffXOi  and  HCl  that  these  last-named  acids  are  cam- 
pletely  rjaporated  from  the  solution  by  the  time  the  HtSO^ 
begins  A'  break  ///>  and  liberate  sulphurous  fumes;  hence,  the 
liberation  of  copious  sulphurous  fumes  is  a  pretty  sure  indi- 
cation that  the  nitric  acid  is  all  expelled  from  the  solution. 
The  heating:  should  be  continued  for  a  few  minutes  longer, 
to  make  sure  that  the  last  trace  of  HNO^  is  removed.  The 
solution  is  then  cooled  and  diluted  very  carefully  with  dis- 
tilled water.  No  attempt  should  be  made  to  add  water  to  the 
solution  while  it  is  hot,  as  the  reaction  between  the  water 
and  the  liut  ff^SO^ — which  has  been  concentrated  by  evapora- 
tion— mio^ht  cause  a  serious  accident.  The  solution  is  now 
filtered,  the  residue  washed  on  the  filter,  the  washings 
beiniz  added  to  the  fiUrate,  and  the  reduction  and  titration 
proceeded  with  as  in  the  case  of  oxidized  ores.  The  stannous- 
chloride  reduction  cannot  be  used,  on  account  of  the  iron 
bein«^  in  the  form  of  a  sulphate;  the  reduction  with  zinc  vsili 
be  found  the  most  satisfactory.  This  method  is  applicable 
to  all  sulphides — lead,  copper,  zinc,  or  iron — in  which  the 
I^ercentage  of  iron  is  to  be  determined.    Arsenic  or  antimony 
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the  solution  will  cause  a  high  result  in  the  permanganate 
Jtration^  and  should  be  predpitaled  by  //,5  and  filtered  off 
jfore  titrating. 

4,  Treatment  of  Eef factory  Iron   Ores. — If  an   ore 
^ill  not  completely  decompose  in  adds,  the  insoluble  residue 

plight  on  a  filter  paper.     The  filter  paper  and  residue  are 
Kd  in  a  porcelain  crucible  and  subjected  to  such  heat 
lat  the  paper  ignites  and  bums  to  a  white  ash.     To  the 
>iitents   of  the   crucible,   5   g,    of    potassium    bisulphate, 
f//SOt,  is  addedt  and  the   mass  is   fused  over  a   Bun  sen 
irner  until  the  fusion  becomes  quiet*    The  crucible  should 
of  such  si^e  that  the  residue  and  the  flux  will  not  fill  it 
lore  than  one-third  full,  as  the   bisulphate  boils  up  very 
ijckly  and  rapidly  and  is  liable  to  overflow  if  more  than 
lis  quantity  is  used.     The  beat  should  be  slow  at  firsts  to 
roid  boiling  over,  and  should  be  increased  to  a  dull  red  at 
le  finish.     The  fusion  will  usually  require  about  15  minutes. 
The  crucible  is  then  removed  from  the  heat  and  allowed  to 
>oL     When  it  is  sufficiently  cool,  the  fused  mass  is  dis- 
>lved  out  of  the  crucible  with  boiling  water,  the  solution 
id  undissolved  mass  transferred  to  a  beaker,  the  crucible 
ised  into  the  beaker  with  distilled  water,  and  the  contents 
of  the  beaker  boiled  for  a  few  minutes,  to  disintegrate  thor- 
oughly the  fused  mass.     The  solution  is  then  run  through  a 
^Iter  into  the  original  filtrate  from  the  insoluble  residue, 
id  the  whole  is  reduced  by  zmc  and  titrated  in  the  usual 
manner. 

5.  Fusion  With  Sofia, — The  same  result  as  is  obtained 
Art.  4  may  be  had  by  fusing  the  insoluble  residue  with 

bicarbonate  of  soda  in  a  platinum  crucible-  The  insoluble 
residue  is  filtered  out  and  ignited  as  before,  but  in  a  platinum 
crucible^  and  then  5  g.  of  sodium  bicarbonate  is  added  and 
fused  over  a  Mast  lamp  {a  gas  burner  that  is  given  an  arti- 
rial  blast  by  means  of  a  blower  or  foot-bellows)  until  the 
iston  is  quiet*  The  crucible  is  then  cooled  and  the  mass 
^ssolved  out  wHth  very  dilute  //Ci  or  //,.S*0„  boiled  and 
Ilered,  and  the  filtrate  added   to  that   from  the   original 
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insoluble  residue  as  before.     The  reduction  and  titration  are 
performed  as  usual. 

G.     Treatment  of  Iron  Ores  by  Stannous  Chloride. 

Owing  to  the  fact  that  both  of  the  methods  given  for  work- 
ing an  iron  ore  require  at  least  one  filtration  and  that  they 
are  comparatively  slow,  the  chemists  dealingr  with  the  iron 
ores  of  the  Lake  Superior  region  have  worked  out  a  method 
for  determining  iron  that  is  much  quicker  and  easier  than 
either  of  the  old  methods,  while  with  careful  work  the  results 
obtained  are  fully  as  accurate.  The  preparation  of  the  solu- 
tions required  for  the  stannous-chloride  method  of  treating 
iron  ores  is  given  in  Arts.  7,  8,  9,  and  lO.  The  method 
contains  a  number  of  interesting  chemical  reactions.  The 
ore  is  dissolved  in  concentrated  hydrochloric  acid  HCl,  but 
as  free  HCl,  if  it  were  present  in  the  solution  at  the  time  of 
titration,  would  render  it  impossible  to  use  the  potassium- 
permanganate  solution,  the  work  is  carried  on  as  follows: 
To  .T)  g.  of  ore  5  c.  c.  of  stannous  chloride,  *S'«C/„and  5  c.  c. 
of  concentrated  II CI  are  added.  The  beaker  is  covered  with 
a  watch  ^lass  and  the  contents  boiled  until  the  residue  is  while 
and  tlocculent.  In  this  method,  the  iron  is  reduced  by  means 
of  stannous  chloride,  and  it  will  be  found  that  a  small  amount 
of  stannous  chloride  in  the  solution  will  greatly  assist  in  dis- 
solving the  ore;  hence,  a  portion  of  it  is  added  as  mentioned 
in  Art.  2.  Some  chemists  use  more  hydrochloric  acid  than 
the  amount  given,  but  as  a  rule  5  c.  c.  is  enough,  and  an 
excess  is  to  be  avoided.  While  the  solution  in  the  beaker  is 
still  hot,  more  stannous  chloride  is  added  from  the  burette 
\\\\\\\  the  solution  is  light  yellow;  the  solution  is  then  boiled 
ri:ul  st:innous  chloride  added  slowly,  the  solution  being 
-hakcn  and  stirred  until  it  is  colorless,  and  about  5  drops  in 
excess  addled.  The  watch  glass  and  sides  of  the  beaker  arc 
iiuw  washed  with  distilled  water  and  15  c.  c.  of  mercuric 
chloride  added.  The  mercuric  chloride  should  be  added  as 
cjiiic^ly  as  possible  and  stirred  into  the  solution  rapidly,  to 
Convert  the  stannous  chloride  to  stannic  chloride.  After  the 
bolution  of  mercuric  chloride  is  added  and  stirred  in,  there 
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lould  be  a  white,  silky-looking  precipitate  formed,  but  this 

^ill  not  iiitertere   with   the   titration.     To  this,  M  c,  c.  of 

inganoiis-sulphate  solutioo,  MnSiX  -f-  //*0,  is  aext  added, 

flowed  by  3(X)  c.  c.  of  waten    The  whole  solution  is  then 

ited  with  a  standard  permansjanale  solution.     The  titra* 

in  should  be  done  in  a  large  beaker  placed  on  or  before  a 

jlriiite  plate  or  paper^  or,  better  still,  in  a  white  bowl*     The 

iiratlon  should  be  rapid,  and  as  the  end  reaction  approaches, 

o  slight  darkening  of  the  solution  will  be  noted.     The  end 

reaction  is  a  feeble  pink,  is  of  short  duratiooi  and  hence  must 

ascertained  without  delay. 

7*  8tatinoii»-Chlorlde  8olutiou» — The  stannous-chlo- 
le  solution  is  made  by  taking  85  g.  of  stannous  chloride, 
rC/,,  and  adding  nO  c,  c,  of  concentrated  HO  and  50  c.  c, 

>f  water.  This  mixture  is  boiled  until  the  solution  is  clear 
id  then  diluted  up  to  1  liter-  Metallic  tin  is  kept  in  the 
>lutton  to  prev^eiit  the  formation  of  oxides. 
An  eiccess  ui  the  stannous-chlonde  solution  in  the  iron 
>lution  is  always  to  be  avoided,  and  in  cases  where  the  ore 
low  in  iron  x%  is  sometimes  necessary  to  add  less  than 
c.  c.  of  this  solution  while  reducing  the  ore.  or  else  to  use 
g,  of  ore  and  add  h  c*  c*  of  stannous  chloride  and  10  c*  c*  of 
incentrated   hydrochloric  acid*     An  ore  very  low  in   iron 

say  require  only  a  few  drops  of  the  SnCi^  solution  to  per* 

ytm  the  reduction, 

8»  Meretirli*-riilorlde  Holiitloii* — The  mercunc*chlo- 
ide  solution,  Ilt^Ci^,  is  made  by  taking  52  g.  of  meTCuric 

iloride  and  dissolving  in  1  liter  of  boiling  water.  This 
lakes  a  saturated  solution. 

9*     Miifi|;ittioiif««Hiilphittr  Holtitlrtii,^ — The  mangannus' 

ilphate  solution,  A/fiSO^,  is  made  up  by  dissolving  16  g. 

AfHSO,  in  water,  and  diluting  to  175  c.  c.    Then,  *i3  c.  c. 

losphoric  acid,  //,PO,  (sp.  gr,  L7),  and  32  c.  c.  of  N,SO^ 

gr,  1.84)  are  added.     The  sulphuric  acid  should  be  added 

iQWly  while  the  solution  Is  being  stirred,  to  Avoid  undue 

ing.     When  this  solution  is  added  to  the  hydrochlortc- 

solulion   of  iron,  the  itianganese  *^ulphaie  Is  converted 
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into  manganous  chloride,  thus  avoiding  the  possible  decom- 
position of  the  permanganate  solution  by  hydrochloric  add, 
while  the  phosphoric  acid  unites  with  the  ferric  iron  produced, 
thereby  rendering  the  solution  white  and  making  the  end 
reaction  plainer  to  see. 

10.  Permang^anate  Solution. — The  permanganate 
solution  may  be  made  up  especially  to  work  with  i-g.  weights 
of  ore  by  dissolving  2.9  g.  of  pure  crystallized  permanganate 
in  1  liter  of  distilled  water.  In  making  up  this  standard 
solution,  it  is  well  to  have  two  bottles  or  carboys  in  whidi 
the  solution  is  kept,  and  to  use  from  one  while  the  other  is 
being  prepared  for  use.  If  a  fairly  accurate  solution  is 
desired,  it  should  be  made  up  and  the  bottles  shaken  every 
day  for  a  week,  and  then  kept  in  the  dark  for  at  least  another 
week  before  using. 

1  1 .  Treatment  of  Iron-Carbonate  Ores, — Carbonates 
of  iron  contain  organic  matter,  which,  if  left  unchanged  in 
the  solution  to  be  titrated,  is  likely  to  be  acted  on  by  the 
standard  permanganate  solution.  Such  ores  may  be  treated 
by  dissolving  the  ore  in  as  little  concentrated  hydrochloric 
acid  as  possible,  and,  when  the  solution  is  complete,  adding 
a  few  crystals  of  potassium  chlorate.  This  solution  is 
evaporated  until  the  chlorine  is  expelled,  when  a  very  small 
(luantity  of  acid  will  still  remain.  From  this  point  the 
operations  can  proceed  as  before,  by  adding  a  small  quantity 
of  acid  and  stannous  chloride  to  reduce  the  iron.  If  the 
organic  matter  is  not  destroyed,  it  renders  the  slight  excess 
of  stannous  chloride  difficult  to  adjust,  as  it  imparts  to  the 
solution  a  yellow  color  resembling  ferric  chloride. 

12.     Troatmont  of  Standard  Iron  Ores. — As  a  rule, 

assayers  employed  in  the  determination  of  iron  ores  do  not 
standardize  their  solutions  against  pure  metallic  iron,  bni 
employ  an  iron  ore  of  known  composition.  Such  standard 
iron  ores  the  percentage  of  iron,  phosphorus,  silica,  and 
rdumina  in  which  is  given — can  be  obtained  from  chemical- 
su]ip]y  houses,  and  any  assayer  can  easily  make  up  a  standard 
of  his  own  and  determine  its  value  by  means  of  the  standard 
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•ived  from  some  supply  house.  It  is  good  practice  to  have 
)ttle  of  standard  ore  at  hand  near  the  balances  and  to 
Igh  out  one  sample  of  it  each  day  and  run  it  through  with 
le  regular  samples  to  be  tested.  If  the  standard  sample  runs 
high  or  loWi  it  shows  that  the  permanganate  solutioo  has 
chanj^ed,  and  hence  a  slight  change  will  have  to  be  made  in 
the  results  obtained  from  all  the  other  samples  run  in  that 
batch*  The  running  of  the  sample  along  with  the  batch  of 
ore*  will  not  require  more  than  from  8  to  10  minutes  per  day 
where  large  numbers  of  samples  are  being  run,  and  hence  it 
is  not  much  of  a  tax  on  the  men  doing  the  work,  while  the 
fact  that  the  standard  is  run  with  each  set  of  samples  serves 
OS  a  check  on  all  the  work. 


IB*     Adjust iDir  the  Wcl|rht  of  Ore  to  the  Solution. 
laboratories  where  a  great  number  of  iron  determinations 
made  each  day,  the  assay ers  rarely  attempt  to  make  the 
^rmanganate  solution  read  directly  into  per  cent,,  but  adjust 
weight  of  the  ore  taken  so  that  the  solution  at  hand  will 
id  into  the  per  cent,  desired.     As  an  example,  suppose  that 
laboratory  is  using  a  standard  Iron  ore  known  to  contain 
per  cent,  of  iron,  and  that  this  standard  is  titrated  with  the 
langanate  solution  made  up  so  that  it  is  supposed  to  read 
>er  cent,  of  iron  for  each  cubic  centimeter  of  solution  used 
sn  i  g*  of  iron  ore  is  taken.     Now,  if  this  solution  were 
jployed*  and  it  were  found  that  only  56.5  c,  c.  of  solution 
^re  required,  it  is  evident  that  tlie  solution  is  stronger  than 
half- normal  solution,  and  hence  the  weight  of  ore  that 
ist  be  taken  in  order  that  1  c,  c.  of  solution  would  equal 
ZT  cent*  of  iron  can  be  found  by  the  following  equation: 
66.6  :  57  =  .5  :  x 
,5X67 
56.5   ' 
X  ^   .6044 
y,  in  weighing  up  the  samples  for  analysis,  the  assayer 
^tild  first  set  hia  balances  to  weigh  .5044  (the  tenths  of  a 
jilligram  would  probably  be  obtained  by  means  of  the  rider), 
after  the  weights  had  been  adjusted »  work  would  proceed 
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as  usual,  weig^hing;  out  samples  that  would  just  balance  this 
weight.  If  the  standard  run  out  with  the  ordinary  work  for 
any  given  day  did  not  show  the  proper  percentage  of  iron, 
it  would  indicate  that  the  strength  of  the  titrating  solution 
had  changed,  and  hence  the  weight  of  ore  taken  for  the 
next  work  would  have  to  be  adjusted  to  the  present  new 
strength  of  the  solution. 

An  experienced  operator  can  usually  make  from  90  to  100 
iron  determinations  per  day  by  the  method  just  given. 


DETERMINATION    OF    MANOANESB    IN    ORES 

14.  Volhard's  Method. — The  volumetric  determina- 
tion of  manganese  by  the  use  of  potassium-permanganate 
solutions  was  first  advanced  by  Volhard.  The  method  is 
based  on  the  reaction  that  takes  place  when  a  hot  solution  of 
manganous  sulphate  is  titrated  with  potassium  perman- 
ganate; thus: 

SA/?/SO,  -h  A',/]/«,(9.  -f  2//,0  =  5AfnO,  -f  AT^SO^  -f  2//M 
The  same  standard  solution  used  for  iron  can  be  used  for 
manganese  if  multiplied  by  the  factor  .2951. 

lA\Mn,0.  =  l6/>  =  55.5  X  10  =  555 
lA\A/?u(\  =  SA/n  =  54.6  X    3  =  163.8 

1  fi^  R 

The    manganese    standard    is    -__-i.-  =  .2951   of  the  iron 

555 

standard;  so  that,  if  1  c.  c.  of  the  permanganate  solution w*!!! 
oxidize  .01  g.  of  iron,  it  will  oxidize  .002951  g.  of  manganese. 
From  this  it  is  evident  that  if  the  number  of  cubic  centi- 
meters of  the  solution  taken  is  multiplied  by  .2951  the  product 
will  orive  the  quantity  of  manganese. 

15.  Treatment  of  Manganese  Ores. — Two  sliifbtly 
different  methods  in  manipulation  may  be  followed  in  man- 
<j:ancse  determination.  In  the  first  one  described,  the  entire 
oiK-ration  is  carried  on  in  the  vessel  in  which  the  first  solu- 
tion is  made.  One  g.  of  the  ore  to  be  tested  is  dissolved  ifl 
from  l]0  c.  c.  to  10  c.  c.  of  HCl  and  a  few  drops  of  H^^* 
is  added  to  oxidize  any  ferric  iron  present.  The  solution 
should  be  effected  in  a  beaker  at  least  5  inches  high  by 
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ehes  in  diameter  at  the  top  and  having  no  lip.  When 
cMy  all  the  Qitric  acid  has  been  expelled,  the  solution 
d  be  allowed  to  cool  somewhat,  50  c,  c*  of  water 
t,  and  the  whole  boiled  to  make  sure  that  all  the  salts 
t  solution.  The  beaker  is  then  removed  from  the  hot 
and  filled  with  boiling  water  to  within  1  inch  of  the  top* 
inc  oxide,  ZnOf  to  the  amount  of  1  or  2  g.  in  asccesSp  is 
added,  to  precipitate  the  iron  as  ferric  hydrate,  which, 
sttling,  will  leave  the  solution  above  it  colorless.  The 
on  wilt  contain  the  manganese  as  a  chloride*     The  dnc 

should  be  added  slowly  until  all  the  iron  has  been 
pitated  and  the  acid  al!  neutralized,  { For  neutralisation 
with  litmus  paper,)  The  solution  should  be  stirred 
ughly  with  a  glass  rod  while  the  zinc  oxide  is  being  added* 
solution  is  then  ready  for  titration  with  potassium  per- 
ranate,  and  it  should  be  vigorously  stirred  after  each 
ion  of  permanganate.  The  oxidation  is  complete  when 
olution,  after  settling,  shows  a  faint  pink  color*  The 
precipitate  of  iron  hydrate  and  £inc  oxide  has  the 

tage  that  it  carries  the  precipitated  oxide  of  manga- 
lo  the  bottom  very  quickly,  thus  enabling  the  operator 
lermine  easily  the  end  reaction.  The  titration  should 
one  rapidly  while  the  solution  is  hot*  If  the  value  of 
ormal  permanganate  solution  is  known  in  terms  of  iron, 

suiting  number  of  cubic  centimeters  should  be  multi- 

by  the  factor  .2dbl,  which  will  give  the  percentage 
langanese.  The  advantages  of  this  method  are  that 
entire  operation  is  carried  on  in  one  vessel,  aud  that 
ary  permanganate  solution  for  iron  is  employed* 
en  i  g.  of  ore  is  used  in  the  iron  determination,  a 
ormal  potassium -permanganate  solution  is  usually 
)yed»  and  if  this  same  solution  is  used  for  the  deter- 
lion  of  manganese,  it  will  be  necessary  to  take  one-half 
i  number  of  cubic  centimeters  of  permanganate  solution 
and  multiply  it  by  the  factor  given*  If  the  solution  is 
*r  exactly  a  normal  nor  a  half*normal  it  will  be  neces- 
lo  multiply  by  a  factor  that  will  render  it  normal  before 
oying  the  manganese  factor  as  already  given. 
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Some  operators  prefer  to  remove  the  heavy  precipitate  ol 
iron  hydrate  and  the  zinc  oxide  so  that  the  titration  can  be 
done  in    a  clear    solution.     This  may   be  accomphshed  by 
taking  li  g.  of  the  ore  and  treating  it  as  described,  being 
careful  to  remove  the  solution  from  the  hot  plate  and  trans- 
fer it  to  a  graduate  before  adding  the  zinc  oxide.     After  the 
zinc  oxide  has  been  added,  the  solution  should  be  made  n? 
to  300  c.  c.     The  solution  should  now  be  filtered  through  a 
dry  filter,  200  c.  c.  of  the  filtrate  being  taken,  which  will  cor- 
respond to  1  g.  of  ore.     The  rest  of  the  filtrate  containing 
the  zinc  oxide  and  the  precipitated  hydrate  of  iron  may  be 
thrown  away.     The  filtrate  is  then  brought  to  a  boil  and  the 
titration  carried  on  as  before.     The  fact  that  the  precipitate 
has  a  slightly  greater  specific  gravity  than  the  solution  will 
have  practically  no  effect  on  the  accuracy  of  the  results.    As 
this  operation  requires  the  treating  of  larger  amounts  of  ore 
and  the  use  of  several  vessels  for  the  determination,  it  is  not 
so  rapid  as  the  one  first  described. 


DETERMINATION    OF    PHOSPHORUS 

1(>.  Eniinerton's  Method. — The  method  for  the  vol- 
umetric determination  of  phosphorus  known  as  Emmerton's 
is  rapid  and  accurate,  provided  the  necessary  precautions  are 
observed.  Five  g.  of  ore  placed  in  a  casserole  is  dissolvec 
with  7')  c.  c.  of  nitric  acid  of  1.20  specific  gravity.  Over 
the  dish  a  triangle  is  placed  and  over  this  a  watch  glass. 
The  solution  is  then  boiled  to  dryness  on  a  sand  bait. 
after  which  it  is  heated  on  an  iron  plate  for  30  minutes 
when  all  free  acid  should  have  been  expelled.  The  dish  is 
now  removed,  cooled,  40  c.  c.  concentrated  hydrochloric  acii 
added,  and  a  watch  glass  placed  on  the  casserole.  The 
whole  is  now  heated  gently  and  then  boiled  until  about 
1')  e.  c.  of  the  acid  is  driven  off.  The  dish  is  cooled  and  the 
watch  j^dass  washed  off  with  40  c.  c.  of  concentrated  nitric 
acid,  the  acid  being  allowed  to  run  down  into  the  casseri^le. 
The  tlish  is  then  covered  with  a  funnel,  and  the  solutioa 
boiled  down  to  15  c.  c.  in  bulk.     The  casserole  is  removed 
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its  contents  moved  so  as  to  moisten  whatever  crust 

If  have  formed*     The  solution  Is  now  practically  free  from 

Irochloric   acid,  and    should   be   diluted  with  water  and 

led  into  a  400'C.  c,  flask,  bringfingf  the  bulk  up  to  about 

e.  e.     Strong   ammonia   is   added   to    the  solutioti,  the 

beings  shaken   thoroughly  after  each   addition,   until 

Itiff  jelly  is    formedf  and  a  strong  smell  of  ammonia  is 

idtled.     Concentrated    nitric  acid    is   now  added*  shaking 

bH  after  each  addition,  until  the  solution  thins  and  shows 

(dark  color,  then  sufBcient  nitric  acid  should   be  added 

briner  the   solution   to   a  clear  amber  color*    The  so!u- 

)n  should  now  have  a  bulk    of   about  250  c*  c*     A  ther- 

>meter  is  now  inserted  in  the  solution,  which  is  heated 

cooled  carefully  until  it  has  a  temperature  of  S5*^  C,  at 

Itch  temperature  40  c,  c.  of  ammonium-molybdate  solution 

>ttld  be  added.    The  flask  should  now  be  closed  with  a 

)pper,  and  wrapped  in  a  thick,  warm  towel  to  keep  the 

jperature  from  varying,  and  shaken  violently  for  5  minutes. 

)e  yellow  precipitate  should  be  collected  on  a  filter,  and 

fla!ik  and  precipitate  washed  with  a  solution  made  up  of 

i  g*  of  ammonium-sulphate  crystals,  50  c,  c,  of  coocentrated 

Iphuric  acid,  and  2,500  c.  c.  of  distilled  water.     The  washed 

fcclpitate  is  dissolved  with  ammonia.    About  10  g.  of  granu- 

ted  zinc  is  placed  in  a  500-c.  c,  flask,  the  funnel  containing 

yellow  precipitate  is  inserted  in  the  neck  of  the  flask. 

Id  the  precipitate  washed  into  the  flask  with  dilute  ammo- 

(1   in  4),  using  about  30  c.  c.  only.     After  the  precip- 

kte  has  been  washed  with  ammonia  and  twice  with  water, 

[should  be  sucked  dry  with  a  filter  pump.     The  ammonia 

|lution  is  now  poured  into  a  smali  beaker,  the  funnel  is 

[isertcd   in    the   flask,  and   the    solution  poured  into  the 

laker   through    the    filter  again,  the  paper   being   washed 

loroughly  with  water  after  the  ammonia  has  all  run  through, 

ally  being  sucked  dry  with  the  filter  pump,     Into  the  flask 

80  c*  c,  of  warm  dilute  sulphuric  acid  (1  in  4)  is  now 

and  heated  until  rapid  solution  of  the  zinc  commences^ 

then  gently  stirred  for  about  12  minutes,  at  the  end  of 

lich  lime  the  reduction  of  the  molybdic  acid  is  complete* 
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This  should  now  be  filtered  from  the  undissolved  zinc,  and 
the  flask  rinsed  out  with  cold  water  poured  on  the  filter. 
The  filtrate  should  be  kept  from  the  air  until  ready  for  titra- 
tion. The  solution,  which  is  a  dark  olive-green,  is  oxidized 
with  a  permanganate  solution  until  colorless,  when  an  extra 
drop  will  produce  a  pink  tinge. 

17.  Calculation  of  Phosplioras. — In  the  yellow  pre- 
cipitate of  ammonium  phosphomolybdate,  (NH^tPO; 
VlMoO^'^H^O,  the  ratio  is  VlMoO^  to  \P,  or  the  molecular 
weight  ratio  is,  in  round  numbers,  1,728  to  31.  The  reaction 
produced  by  the  zinc  liberates  hydrogen,  forming  molybdic 
oxide,  as  follows: 

2^foO:,  +  37/.  =  Mo^O^  4-  3//.(9 

The  reaction  with  the  permanganate  solution  is: 
hMo^O^  +  ^KMn^On  +  9H,S0^  =  lOAfoO^  +  3KJS0, 
+  QMnSO,  +  9H,0 

According  to  this  equation: 
ZK^Mn^O,  corresponds  to  IQMoO.,  or  142.94  X  10  =  1,429.4 
ZKMyuO.  corresponds  to  30/vr,  or  55.5  x  30  =  1,665.0 

Hence,  Fe  standard  :  MoO^  standard  =  30/r  :  lOJA^ft, 
or  1,665  -r  1,429.4  •-=  1.164. 

The  percentage  of  phosphorus  in   the    yellow  precipitate 

is  '    Sl^.^      =  XnS^^i  per  cent.;  hence,  the  phosphorus  1.794 

-r-  1.164  =  1.541  per  cent,  of  the  Fe  standard. 

Note. — In  making  phosphorus  determinations  by  the  volnmctnc 
molybdate  method,  a  reductor  should  be  used. 

The    ratio    of   molybdic    acid   to    iron    is    1,429.4 -=- 1.660 

=  .85849.     The  ratio  of   phosphorus  to    molybdic   acid  is 

81 
-  r.,.^  =  .01794.     The  value  of  1  c.  c.  of  the  permanganate 

solution  in  terms  of  iron  multiplied  by  the  ratio  of  molybdic 
acid  to  iron  and  the  product  by  the  ratio  of  phosphorus  to 
molybdic  acid  gives  the  value  of  1  c.  €•  of  the  permanganate 

solution  in  terms  of  phosphorus. 

ExAMPLK  1.— A  charfi^e  of  .1498  g.  of  piano  wire  (99.27  percent 
metallic  iron)  requires  42.99  c.  c.  of  permanganate  solution  to  give  the 
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I  color,    (a)  What  is  the  «lfetiffth  of  the  pcrmangaoate  solw 

ternis  of  iron?    [^)  What  is  the  ^inangth  of  the  pencanga- 
lie  fioltitian  In  terots  of  phosphorti^? 

Solution.— (a)  .14M  x  .Vi)2T  +  42,m  ^  .003466  g.  of  Fe  per  cubic 
^timetcr  of  permanganate  sokition. 

i  {^\  .OCmcUi  X  M>H4^^  X.0171M  ^  JKXtO-^^a  g,  of  phosphorya  per  cubic 
potfmeler  of   permangauate  Glutton.    An^. 

EXAMPLR  i?, — The  precipitated  ainnioiijum  pbosphomolybdate  from 
of  ore  required  35.6  c.  c.  of  permanganate  solution  of  the  strength 
example  L     What  per  cent,  of  phosphorus  does  the  ore  contain? 

Solution.—    35.6  x  .0000633  X  100 
ortis^    Ans. 


■  2  «  .0946  per  teat,  of  pbos* 


18.     Ilaaiiy's  Method  for  FhoBphorus.  —  From  2  to 

I  g.  of  the  ore  may  be  employed  for  this  determinatioti,  and 
le  process  is  as  follows  when  only  2  g.  is  taken:  The  ore  is 
||ac€c1  in  a  beaker  with  20  c,  c,  of  HO  and  piit  on  a  hot  plate 

Stind  bath»  and  kept  almost  at  a  boiUngr  temperature  until 
le  mixture  is  reduced  to  a  syrup;  then,  20  c»  c«  of  concen* 

ited  HNOr  ia  added  and  boiled  to  about  10  c,  c„  or  until 
II  the  iiCl  fumes  are  driven  off.  The  sides  of  the  beaker 
re  then  washed  down  and  the  solution  diluted  to  about  30c*  c. 

lis  is  tlien  filtered  through  a  rapid  filter  to  get  rid  of  the 

iticti  and  the  filter  is  washed  with  as  little  water  as  possible, 

there  is  much  of  the  insoluble  residue,  it  may  be  neces* 

iry  to  fuse  it  with  sodium  carbonate  and  dissolve  and  add 

the  fiKrate. 

The  solution  is  now  heated  or  cooled  to  85^  C.  and  7S  c,  c* 
if  luolyhdate  solution  added.  This  is  shaken  for  10  minutes. 
\nd  then  the  yellow  precipitate  filtered  of!  on  to  a  9  c.  m, 
lo*  I  F.  filter  and  washed  with  a  potassium*nilrate  solution 
Bade  by  dissolving  1  g,  of  KNO^  in  100  c-  c*  of  water.  Care 
atist  be  taken  not  to  allow  the  phosphomolybdate  to  crawl 
'  the  edges  of  the  filter,  and  the  filter  should  be  filled  with 
^e  wash  to  its  edge  at  least  six  times,  so  as  to  be  sure  to 
emove  all  the  iron  or  acid.  The  filter  with  the  yellow  pre- 
ipttate  should  now  be  transferred  to  a  No.  1  beaker  and 

Ice.  of  sodium-hydrate*  NaOH,  solution  added*     The  filter 

opened  with  a  glass  rod,  the  precipitate  dissolved,  and  the 
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filter  paper  beaten  to  a  pulp.  The  solution  is  diluted  witb 
warm  water  to  about  50  c.  c.  and  .5  c.  c.  of  a  l-per-cent 
phenol -phthalein  solution  is  added.  The  solution  is  now 
titrated  with  either  HCl  or  HNO»  solution,  adding  it  drop  by 
drop  near  the  end  of  the  reaction.  The  end  point  is  indi- 
cated by  the  solution  becoming  cplorless,  and  the  difference 
between  the  number  of  cubic  centimeters  of  NaOH  and  the 
number  of  cubic  centimeters  of  acid  used  gives  the  phosphorus 
direct.  In  case  the  insoluble  residue  has  not  been  fused,  this 
method  does  not  take  into  account  the  phosphorus  contained 
in  the  silicious  matter. 

19.  Sodium-Hydrate  Solution,  JVaOJT+ IT, O.— To 
make  the  sodium-hydrate  solution,  15,4  g.  of  sodium  hydrate 
is  dissolved  in  100  c.  c.  of  water,  and  a  saturated  solution 
of  barium  hydrate  added,  which  is  stirred  in  until  there  is  no 
more  precipitate.  The  barium  hydrate  is  added  to  free  the 
sodium  hydrate  from  sodium  carbonate,  which  is  converted 
to  barium  carbonate.  The  solution  should  then  be  filtered 
and  made  up  to  2  liters  by  the  addition  of  water. 

20,  standard  Acid  Solution. — The  standard  acid 
solution  may  be  either  HNOt  or  HCl.  In  case  the  nitric 
acid  is  employed,  200  c.  c.  of  HNO^  (sp.  gr.  1.42)  is  diluted 
up  to  2  liters.  200  c.  c.  of  this  stock  solution  can  be  diluted 
to  2  liters,  and  this  will  form  an  approximate  standard.  The 
standard  acid  solution  may  be  run  against  the  alkali,  and  so 
their  relative  strengths  ascertained.  The  stronger  can  be 
reduced  by  the  addition  of  water,  and  in  this  manner  the  two 
can  be  brought  to  an  equal  value. 

After  the  two  solutions  have  been  brought  to  an  equal 
strength,  1  g.  of  pure  ammonium  phosphomolybdate  may 
be  dissolved  in  20  c.  c.  of  alkali  solution.  This  amount  or 
yellow  precipitate  contains  .0016  g.  of  phosphorus,  and  if  the 
sodium-hydrate  solution  were  normal,  it  should  require  16.3 
c.  c.  to  neutralize  the  MoO;,  in  the  yellow  precipitate;  hence, 
'^7  c.  c.  of  acid  would  be  required  to  neutralize  the  excess 
of  alkali  and  change  the  color  of  the  indicator.  In  case 
more   or  less  of  the   acid  is  required,  the  solution  can  be 
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brought  to  the  right  strength  by  adding  water  or  by  adding 
more  of  the  alkali  until  the  proper  strength  is  obtained. 
The  acid  solution  can  then  be  brought  to  the  same  strength 
that  the  alkali  has,  and  the  solution  will  be  correct  for  work- 
ing with  2  g.  of  ore;  that  is,  1  c.  c.  will  be  equal  to  .fKK)2  g. 
of  phosphorus  or  -nMnr  per  cent,  of  phosphorus  when  2  g.  of 
ore  is  taken  for  analysis. 

21.  Phenol-Phthttleln  Indicator.-  F'ive-tenths  of  a 
Cfram  of  phenol-phthalein  is  dissolved  in  2fK)  c.  c.  of  05 
per  cent,  alcohol;  from  3  drops  to  half  a  cubic  centimeter 
will  be  sufficient  for  each  titration. 


DETERMINATION    OP    LIME 

22.  Treatment  of  TjimcfHtone.  Limestone  and  or/:s 
containing  lime  are  treated  in  the  same  manner.  I  g.  of  or*: 
is  treated  in  a  small  casserole  or  beak^rr  with  2f)  r.  c.  of  'J:s- 
tilled  water  and  o  c.  c.  of  concentrated  //^  /.  This  is  bo:!'-'! 
until  the  soluble  portion  of  the  or^:  is  all  m  solnti'/n  :iu*:  sn 
then  diluted  and  the  inso'ubl'r  r':sid»ic  ii]U:n:'\  'AU  v/nsi.:?.;: 
it  thoroughly  with  distilled  waT^rr  arid  ;i':d::ig  th':  ■// ri •.},:•.;/ . 
to  the    filtrate.     If  the  ore  '.on^.-uris  .'it.y  i'^id    it     ,[*'..>!   %t'. 

removed  by  passing  sj:];/r/;r':?':':-hy'ir'.e'-''  ;.'•'■'  //. ''   ur.*.  i\n, 
the  solution:  the  lei-:  v/:!:  '^,r -,' .'.yMiU-,  ;, .  ;«■:,/♦  •.;.;,/,.'!'■    /,f,  ■  n 


filtrate  should  th*:r.  v:  h':a*':':  •',   s'. 

-.;  ■.;;    :»:.'i    tfj«:  *  /'  ' 

/^,5  oxidizer:   r.v  &  :'':/.-  'jr',;,^  '.•'   ',- 

'/?/..;;«■    y/iif'f    '/.'   .1 

potassiun::  ih'.ori**:      '.'  -.t  o/  '.  /.* '    . 

:.'#  .i'^    •/»■  ;j'*'J«  'I    ;j 

at  a  tiir.e.  ::n::".  ::.*:  ".;  .w..       -y  •««  - 

■   /  '  .'  ;.• 

Amn:or-:£    :r.    \.  y/.'    •:r  ' 

'  *:*  *:  '',   »f.«    i. 

from  the  s-'.'^:.-.'-.    -,-     '  •-*.  -.'*     .  '•- 

*  1    ' ",  '    .«.'."    •'/  •/ 

tratefrcrr.  •:•:•:  .-..-.   .-,  «.  •■  '.■■•  • 

'   '  /• .       •../■.'." 

nized  bv  rh^    .:-  •:      -,•    -. .      f    -     -y 

/     •     - '  •       '■■..■.    ^ . 

which  <T,', :       •."■.' 

,     .            ' /"       / 

amn-or.:i   v        :  "     ;. 

'■/'-' 

The  -'/:■ 

■       *    f  ■  *            ' , '      .•;.■■ 

is  ex;-:  -:.       "  -              -^          , 

■       ■    /  '  • ' 

s::2h:y      .   .     ^                  w-         ■/ 

..,,..,..    ^           'i',      "^ 
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solution  to  see  if  all  the  ammonia  is  expelled,  the  tip  of  a 
glass  rod  may  be  moistened  with  HCl  and  held  over  the 
solution.  If  there  is  any  ammonia  left  in  the  solution,  it  will 
form  white  fumes  with  the  HCl, 

The  iron  and  aluminum  hydrates  should  now  be  filtered 
off.  This  is  a  very  tedious  job,  as  the  precipitate  is  floau- 
lent  and  jelly-like;  it  may  be  shortened  by  filtering  hot,  using 
funnels  with  long  stems — the  longer  the  stem,  the  greater 
the  suction — and  running  two  or  three  funnels  at  once.  Tnc 
precipitate  should  be  washed  well  with  hot  water  and  the 
washings  added  to  the  filtrate.  If  much  iron  and  alumina 
are  present,  the  precipitate  should  be  redissolved  in  a  little 
HCL  rcprecipitated  with  ammonia,  filtered,  and  the  filmiie 
added  to  the  first  filtrate.  This  is  advisable,  as  a  very  dense 
iron-aluminum  precipitate  is  apt  to  carry  down  a  little  calcium 
hydrate  with  it. 

To  the  filtrate  from  the  hydrates.  1  c.  c.  of  ammonia  should 
be  added  and  the  solution  brought  to  a  boil.  If  any  iron  or 
aluminum  hydrate  forms,  it  should  be  filtered  off.  If  white 
magnesium  hydrate  forms,  it  should  be  redissolved  by  add- 
ing a  slight  excess  of  HC!,  and  the  solution  made  again 
slightly  alkaline  with  ammonia. 

The  lime  is  then  precipitated  as  calcium  oxalate  byaddin? 
a  solution  of  ammonium  oxalate  or  oxalic  acid.  (If  oxalic 
acid  is  used,  the  least  possible  excess  should  be  added,  and 
the  solution  should  contain  a  considerable  excess  of  ammonia, 
so  that  the  solution  will  be  alkaline  after  adding  the  oxali: 
acid.)  If  the  ore  contains  magnesium,  a  considerable  e.xcess 
of  ammonium  oxalate  should  be  added,  in  order  to  get  aii 
the  magnesium  into  the  form  of  magnesium  oxalate.  whiA 
is  sclnble.  This  should  be  again  heated  nearly  to  boiling:  fo: 
a  few  miiuites  and  the  calcium  oxalate  then  filtered  off.  The 
precipitate  should  be  washed  with  boiling  water  until  the  last 
trace  of  oxalic  acid  is  removed.  This  can  be  tested  by 
means  (»f  a  very  dilute  solution  of  potassium  permanganate, 
pink  or  pale  i)nrple  in  color,  and  made  acid  with  H^SO:.  the 
least  trace  oi  oxalic  acid  in  the  washings  will  decolorize  the 
permanganate  solution. 
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If  the  ore  contains  much  magnesium  and  very  aomnatr 
work  is  desired,  the  calcium  oxalate  precipitate  shouUl  he 
dissolved  in  HCi  and  the  lime  reprecipitated  as  oxalulr  a\m\ 
again  filtered;  otherwise,  a  little  magnesium  oxalatr  is  ap! 
to  be  retained  in  the  precipitate  and  will  cause  a  hiv:l)  rrsiili. 
The  error  from  this  source,  however,  is  usually  so  small  thai 
for  ordinary  work  it  may  be  disregarded. 

The  filter  and  its  contents  may  now  be  removed  from  lli«- 
funnel  and  the  precipitate  washed  off  the  paper  into  a  luMkii 
with  a  jet  of  hot  water  from  a  wash  bottle.  After  all  tlir  pf 
cipitate  that  can  be  removed  in  this  way  is  gotten  oil  llir 
filter,  the  filter  should  be  washed  with  dilute  //..SV^  and  ilir 
washings  added  to  the  contents  of  the  beaker.  (SoinnfinK-t^ 
it  is  difficult  to  remove  the  last  trace  of  calcitini  oxalate  liotti 
the  filter  by  dilute  N,SO^;  in  such  a  case,  a  few  dropn  of  //f  I 
may  be  added  to  the  paper.)  The  contentH  of  thft  li«-;ikM 
should  be  diluted  up  to  about  IfXJc.  cand  l^c.  c,  of  ftiilplitni' 
acid  added,  the  solution  heated  up  to  lW'i\,  {\W'V,),  au'J 
the  whole  titrated  with  potassium  permanganate:. 

23.  Calculation  of  \Auw.. — The  lime  titration  in  '  ;iff  j"l 
on  in  the  same  way  as  th'r  iron  titration  *m\\i  p"ffo.'if.s^.iM»'' 
solutions.  The  standard  of  th«i  solution  \*,x  Iin,':  :>.  ;  ;■.»  ^j.*  '^ 
the  standard  for  iron.  Th*:  arorr.i'.  -//*:: zht  of  ;rofi  ;>,  V/  /  .•.': 
the  molecular  weight  of  OuO  :-.  ',',J',>;   iiw\  :i>,  !;,<:r':  :;" 

least  2  aton-.s  :r.  a  rr.oi'rvji'i    '*'*'-       21  >A    o:   •>,'    '■-'•'"  ' 

2 

weight  of   \\t:.*z.     I:    1  \^\.  of    V'.-i    yirrr.'^u'^ur.u*',    •',  .    -.' 

equals  .01  g.  of  :ror.    v.^rr.  :•  x,:;  -r^  .^.    V//;^    o?  .  -  * 

result   of   :b*   !::ri*:or.    ^.v^^    •-.•:    '.'.•.♦-•.•;i   o^    *-.•    '.** 

lime.    CaO.      Zy.-r^t    \\%*k  :.\     TJ  \>     ><  •     '^•,*     %'     '. 

and  2*.-57  ;,ftr  ^*rr.-  ^j -,^..^^-,,    ^^i._-,.,   .^..  ,^.  , .  s/-  .  . 

in  a=  '.re  r^ij  -^  c,*-.*--  -#:':     i  .;*  ;  .*.«;    v/  ••  .  '  .v  7  '  J^      " 

pcrc€c--i^t  'J  :  -.->  vv  -;  i> 

£X*SCKLl  —f.  v..  ;■.■...  -/  :^.r.i.:.;.  -.  -  >*  •  •■  »  •  y..  •  ..*  •../.-  •  ' 
StArdi-f    -y    .-.:.    vvt     ■.:-.-       -.    ' .,       .^        ...*      .     . 

rec-  Tv:  y.  ^  -.  ^    v*     •.»   :.^,  • ' , .'        v      »*..■,•.  -^  •      •''        ■    • 
-^  -lit  W.v.  ;...  •        .       V.,.     ,^.  ..*,       ./   -  . '      ''       ^'     ' 


20  ASSAYING  §J 

30  2 
Solution.— (a)    -^  -  X  .012  X  100  =  18.12  per  cent.  CaO,   Ans. 

(b)     18.12  X  .7143  =  12.94  per  cent.  Ca.    Ans. 

^"^^    ^1^  "  E'ls  "  ^-^^^  ^®-^^  ^  ^-^^  ""  32.34  per  cent.  CaO?, 

Am 


Asi. 


DETERMINATION    OF    COPPXB 

24.  Titration  of  Copper  Ores. — There  are  three 
methods  in  gfcneral  use  for  the  volumetric  determination  of 
copper:  the  cyanide  method,  the  iodide  method,  and  the 
sodium-thiosulphate  method.  The  latter  method  has  been 
adopted  by  the  Western  Association  of  Technical  Chemists 
and  Metallurgists. 

25.  The  Cyanide  Metliod. — ^The  cyanide  solution 
should  be  approximately  half  normal  or  1  c.  c.  =  5  mg.  of 
copper.  Duplicate  charges  of  ore,  of  1  g.  each  (or  i  g.  if 
the  ore  is  very  rich  in  copper),  are  placed  in  Erlenmeycr 
flasks  or  casseroles,  with  7  c.  c.  of  concentrated  HNOt  and 

5  c.  c.  of  concentrated  H^SO^  (commercial  acids  will  answer 
all  purposes).  These  are  boiled  until  the  nitric  acid  is  all 
expelled  and  the  sulphuric  acid  is  boiling  freely  and  giving 
off  dense,  white,  sulphurous  fumes.  Any  sulphur  in  the  ore 
will  be  partly,  or  sometimes  wholly,  volatilized,  a  part  of  ii 
recondensing  in  the  neck  of  the  flask.  Any  sulphur  remain- 
ing in  the  bottom  of  the  flask  should  by  this  treatment  be 
fused  into  globules  that  are  yellow  when  cold  and  are  free 
from  copper.  The  solution  is  removed,  cooled,  and  diluted 
very  carefully  with  water  to  about  50  c.  c,  and  then  5  g.  or 

6  g.  of  commercial  sheet  zinc  cut  into  strips  weighing  2  g. 
or  3  g.  each  are  added.  The  flask  is  now  shaken  in  order  to 
break  up  any  cake  that  may  have  formed  in  the  bottom,  and 
is  then  set  aside  and  allowed  to  stand  for  about  10  minutes. 
By  that  time  all  the  copper  will  have  been  precipitated. 
50  c.  c.  of  water  and  20  c.  c.  of  concentrated  H^SO^  are  then 
added,  to  dissolve  rapidly  the  excess  of  zinc.  As  soon  as  the 
zinc  is  all  dissolved,  the  flask  is  filled  up  to  the  neck  with 
water  ("tap"  water  will  answer  for  this  purpose);  the  copper 
is  allowed  to  settle  out,  and  the  water  is  then  poured  off 
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pry  care  full  y»  leaving  the  copper  behind.     This  operation  Is 

seated  twice  niore»  to  thorough ly  wash  out  the  zinc  sulphate. 

ie  Ust  water  is  now  poured  off,  .5  c.  c*  of  concentrated 
f/i/Ot  is  added  {cheraically  pure  acid  being  used),  and  the 
jpper  dissolved  in  the  same  way  as  the  foil  for  standardi- 

ig  was  dissolved.  From  here  on  the  operations  are  exactly 
|e  same  as  in  the  standardization  of  cyanide  solutions,     A 

»-c,  c.  burette  is  filled  with  potassium-cyanide  solution,  and 
lie  cyanide  solution  dropped  gradually  into  the  copper  solu- 

m  until  the  blue  color  disappears  and  the  solution  becomes 
ilr>rless.  The  number  of  cubic  centimeters  of  potassium- 
^nnide    solution    required    to    do    this    is    read    from    the 

rette  and  then  the  quantity  of  copper  in  the  ore  is  calcu- 

ted.     It  is  usually  advisable  to  filter  the  copper-hydrale 

llltttion,  either  before  titrating  or  when  all  but  about  2  or 

tpet  cent,  of  the  copper  has  been  neutralized*     The  object 

this  filtration  is  to  remove  the  gangue,  lead,  ferric  hydrate, 
Ic.  that  may  be  present »  and  afford  a  clear  solution  with 

lich  to  complete  the  titration. 

the  ore  contains  silver,  a  drop  of  NO  should  be  added 
iie  NjVO,  solution  before  adding  the  ammonia;  if  there 

very  much  silver^  2  drops  may  be  necessary;  any  unneces- 
iry  excess  should  be  avoided.     The  precipitated  chloride 
silver  is  then  filtered  off,  the  ammonia  added,  and  llie 
^lution  titrated  as  usuaL 

Strips  of  aluminum  may  be  used  instead  of  zinc  for  pre- 

^Itating  the  copper.     The  precipitated  copper  may  be  dis- 
lived  off  the  aluminum  with  nitric   acid  and   the   strips 
gashed  and  used  over  and  over  again  until  they  get  too  ihin 
handle* 

If  an  ore  refuses  to  go  into  solution  with  HN(\  and 
fnSO^,  a  few  drops  of  HO  added  will  ivsually  suffice  to 
fecompose  it.     Both  the  HCl  and  the  liNO^  must  be  thor- 

ighly  expelled  be  fore  precipitating  the  copper,  other  wise  they 
III  hold  a  little  copper  in  solution  and  cause  a  low  result. 

'  36.    Til©  Iodide  Method. — By  the  iodide  method,  1  to 
g,  of  ore  is  treated,  in  a  small  flask,  with  20  c.  c*   of 
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concentrated  nitric  acid,  5  c.  c.  of  concentrated  hydrochloric 
acid,  and  5  c.  c.  of  concentrated  sulphuric  acid.  The  solu- 
tion is  then  heated  gently  and  evaporated  to  sulphur  fumes, 
after  which  it  is  cooled  and  20  c.  c.  of  water  added,  the  whole 
being  heated  to  boiling  or  until  all  copper  is  in  solution. 
The  SiO,'PdSO^  is  filtered  out  and  the  filtrate  allowed  to 
run  into  a  small  beaker.  The  casserole  is  now  washed  and 
filtered  with  hot  water,  the  volume  of  the  filtrate  and  wash- 
ings being  kept  down  to  about  50  c.  c.  Two  pieces  of  sheet 
aluminum  iV  inch  thick  and  li  inches  square  are  then  placed 
in  the  beaker,  and  5  c.  c.  of  strong  sulphuric  acid  added;  the 
beaker  is  now  covered  and  boiled  10  minutes,  or  until  all 
copper  is  precipitated.  The  solution  and  copper  are  poured 
into  a  clean  beaker,  allowed  to  settle,  and  then  decanted 
through  a  filter  and  washed  with  hot  water;  the  washings 
are  then  poured  through  a  filter,  as  much  as  possible  of  the 
copper  being  left  in  the  beaker.  To  the  beaker  containing 
the  aluminum  to  which  some  copper  may  adhere,  6  c.  c.  of 
nitric  acid  of  1.2  sp.  gr.  is  added  and  the  whole  warmed 
until  the  copper  has  dissolved.  The  beaker  containing  the 
copper  is  now  placed  under  the  funnel  and  this  last  solution 
is  poured  through  the  filter.  The  beaker  is  now  heated  until 
all  the  copper  has  dissolved,  then  2  g.  of  potassium  chlorate 
is  added  and  the  solution  boiled  a  few  minutes  to  oxidize 
any  arsenic  precipitated  with  the  copper.  The  beaker  is 
now  replaced  under  the  funnel  and  the  filter  and  beaker 
containing  the  aluminum  washed  into  it  with  hot  water. 
The  copper  is  now  in  the  beaker  as  nitrate,  and  to  this  is 
added  20  c.  c.  of  zinc  acetate.  The  solution  is  finally  titrated 
as  in  standardizing  iodide  solutions  and  the  copper  calculated 
in  the  same  manner.     See  Assaying",  Part  4. 

27.     The    Sodium-Thiosulphate    Method. — In    the 

sodium-thiosulphate  method,  .5  g.  of  ore  is  dissolved  in2c.c. 
of  nitric  acid,  3  c.  c.  of  hydrochloric  acid,  and  4  c.  c.  of  snl- 
phuric  acid.  This  solution  is  evaporated  to  copious  white 
fumes,  then  cooled  and  diluted  with  25  c.  c.  of  cold  water. 
A  piece  of  sheet  aluminum  is  added  and  the  solution  boiled 
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until  all  the  copper  has  been  precipitated.  To  insure  com- 
plete precipitation  of  the  copper,  10  c.  c.  of  hydrogen-sulphide 
water  is  added.  The  copper  is  not  generally  precipitated  com- 
pletely by  aluminum — hence  the  need  of  hydrogen-sulphide 
water.  Arsenic  and  antimony  are  precipitated  by  the  hydro- 
gen-sulphide water,  and  are  oxidized  by  bromine;  otherwise, 
the  results  would  be  high.  The  solution  is  now  filtered, 
and  washed  three  times  by  decantation,  when  55  c.  c.  of  strong 
nitric  acid  is  poured  over  the  aluminum  and  copper.  The 
aluminum  is  removed  and  washed  with  a  minimum  of  hot 
water.  The  beaker  is  placed  under  the  funnel  and  strong 
bromine  water  poured  through  the  filter  to  dissolve  any  cop- 
per or  sulphide  of  copper  that  may  have  been  left  over.  The 
Slter  is  now  washed  with  hot  water,  and  then  the  solution 
in  the  beaker  evaporated  to  2  or  3  c.  c;  5  c.  c.  of  hot  water, 
and  6  c.  c.  of  strong  ammonia  added  and  the  whole  boiled. 
To  this,  8  c.  c.  of  acetic  acid  and  10  c.  c.  of  the  potassium- 
iodide  solution  are  added,  and  the  whole  shaken  until  all  of 
the  copper  is  precipitated.  The  solution  is  finally  titrated, 
the  same  as  in  standardizing  thiosulphate  solutions.  See 
Assaying,  Part  4.  

DETERMINATION    OF    LEAD    IN    ORES 

28.  Titration  of  Liead  Ores. — Lead  may  be  determined 
accurately  and  comparatively  quickly  by  titration  with  a 
standard  solution  of  potassium  ferrocyanide,  or  by  the 
ammonium-molybdate  method.  The  ferrocyanide  solution 
should  be  such  that  1  c.  c.  will  precipitate  10  mg.  of  lead  as 
ferrocyanide  of  lead.  The  solution  is  standardized  by  treat- 
ing solutions  containing  a  known  quantity  of  lead.  It 
requires  three  solutions  for  titrating  by  the  ammonium- 
molybdate   method   as    follows: 

1.  A  solution  of  ammonium  molybdate  containing  8.64  g. 
of  the  molybdate  to  the  liter. 

2.  A  solution  of  ammonium  acetate  containing  200  g.  to 
the  liter. 

3.  A  solution  of  tannic  acid  containing  1  part  of  the  acid  in 
800  parts  of  water.    This  should  be  made  fresh  every  few  days. 
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29.  Ferrocyanide-of-Potassiaiii  Titration  for  Lead. 
In  the  titration  for  lead  with  ferrocyanide  of  potassium,  dupli- 
cate 1-g.  chsLT^es  of  ore  (or  i-g.  charges  if  the  ore  is  rich  in 
lead;  are  treated  in  casseroles,  with  15  c.  c.  of  concentrated 
HXO»  and  10  c.  c.  of  concentrated  H^O^.     This  is  boiled 
until  the  nitric  acid  has  been  completely  expelled  and  the 
sulphuric  acid  gives  off  dense,  white,  sulphurons  fumes,  after 
which  it  is  removed  and  cooled.     The  solution  is  then  diluted 
very  carefully  with  cold  distilled  water;  stirred  thorou j^hly  to 
break  up  clots;  and  then  boiled  until  all  soluble  sulphates  are 
in  solution.     The  mixture  is  now  filtered,  as  much  as  possible 
of  the  residue  being  left  in  the  casserole,  and  then  this  residue 
is  washed  twice  with  hot  dilute  sulphuric  acid  (very  dilute- 
1  per  cent,  concentrated  acid)  and  once  with  cold  water,  the 
washings  being  poured  on  the  filter.     The  precipitate  on 
the  filter  is  now  washed  back  into  the  casserole,  as  little  water 
as  possible  being  used,  a*nd  then  30  c.  c.  of  a  saturated  solu- 
tion of  ammonium  carbonate  is  added.     (A  solution  of  any 
salt  is  saturated  when  it  will  dissolve  no  more  of  the  salt) 
This  is  now  heated  quickly  to  boiling,  with  only  a  screcfl 
between  the  flame  and  the  casserole,  and  boiled  for  a  minnte, 
in  order  to  decompose  any  calcium  sulphate  that  may  hare 
formed  along  with  the  lead  sulphate:  otherwise,  the  calciuiD 
will  react  on  the  lead  and  cause  a  low  result.     The  solution 
is  filtered  and  the    precipitate  washed  thoroughly  with  hot 
water  containing  a  little  ammonium  carbonate.    The  carbonate 
of  lead  on  the  filter  paper  is  dissolved  with  strong  chemically 
pure  acetic  acid,  diluted  to  180  c.  c,  and  titrated.    Theresults 
are  figured  as  usual  in  volumetric  work.     The  average  result 
of  the  two  titrations  is  taken. 

30.  Amiiioiilum-Molybdate  Titration  for  Lead.-I^J 

the  titration  for  lead  with  ammonium  molybdate,  .5g.  orU- 
of  ore  is  dissolved  in  10  c.  c.  of  strong  nitric  and  10  c.  c.ot 
strong  sulphuric  acid.  This  is  then  evaporated  to  white 
fumes,  cooled,  diluted  to  50  c.  c,  and  boiled,  after  which  )t 
is  decanted  on  the  filter  paper  and  washed  by  decantatioo 
three  or  four  times  with  hot  water  containing  2  per  cent,  oi 
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ric  add,  and  then  once  with  a  little  cold  water*  Now, 
le  aid  of  the  wash  bottle,  the  sulphates  are  traosferred 
:he  iilter  back  to  the  beaker,  50  c,  v.  of  ammonium* 
£  soUition  is  added,  and  the  whole  boiled  thoroughly, 
Procedure  is  necessary  on  account  of  the  fact  that  lead 
ite  is  not  readily  soluble  in  ammonium  acetate  when 
sulphates  such  as  barium  and  calcium  are  present.  The 
m  is  now  filtered  again  through  the  original  filter, 
d  with  hot  water  (the  6Urate  being  made  slightly  acid 
cettc  acid)  and  titrated,  as  in  standardi^tng  molybdate 
^ns.     See  Assaying-,  Part  4, 


DETKHMINATIOK    OF    ZmC 

.  Titration  of  Zinc  Orem. — Zinc  is  commonly  deter* 
!  volumetrically  by  means  of  a  standard  solution  of 
ium  ferrocyanide,  whieh  precipitates  zinc  as  ferro- 
e  of  zinc.  Duplicate  1-g,  charges  of  ore  are  treated 
teroles  with  15  c.  q,  of  aqua  regia  (2  parts  of  //Ci  and 
of  //A7?,),  evaporating  nearly  to  dryness.  When  the 
Its  of  the  casserole  are  nearly  dry,  25  c.  c,  is  added  of 
lion  of  potassium  chlorate  in  nitric  acid,  made  by 
g  an  excess  of  crystals  of  chemically  pure  potassium 
te  with  concentrated  HNOn  in  a  flask,  (This  solution 
)e  handled  with  care  and  kept  in  an  open  flask,  las  it  is 
tnt  explosive*)  The  solution  is  added  very  gradually 
le  casserole  warmed  gently,  without  covering »  until 
I  action  ceases  and  no  more  greenish  fumes  are  given 
!t  is  then  covered  with  a  watch  glass  and  run  do\m  to 
ts.  As  soon  as  the  mass  is  dry,  and  the  last  drop  of 
mdensed  on  the  watch  glass  has  evaporated,  the  casse- 
removed  from  the  hot  plate,  as  overheating  or  baking 
tidiie  will  cause  more  or  less  error.  The  casserole  is 
ooled  and  7  g.  of  chemically  pure  ammonia  chloride, 
,  of  strong  ammonia,  and  25  c.  c.  of  hot  distilled  water 
,  This  is  now  boiled  for  1  minute,  being  stirred  mean- 
prith  a  rubber-tipped  glass  rod,  to  break  up  any  clots; 
ly  splashes  rubbed  off  that  may  have  dried  on  the  sides 
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and  cover.  The  solution  is  then  filtered  into  a  250-c.  c. 
flask  and  the  residue  washed  several  times  with  a  hot  solntioo 
of  ammonium  chloride,  made  by  dissolving  10  g.  of  chemically 
pure  ammonium  chloride  in  1  liter  of  distilled  water  acd 
adding  a  few  drops  of  ammonia  to  make  the  solution  alka- . 
line.  Any  iron  and  aluminum  in  the  solution  will  be  precip- 
itated as  hydrates  by  the  ammonia.  If  the  precipitate  i? 
heavy,  it  is  liable  to  carry  down  some  zinc  hydrate  with  it. 
and  should  be  filtered  out,  washed  well,  transferred  to  a 
casserole  (using  as  little  water  as  possible),  evaporated  down 
to  dryness,  and  then  treated  with  the  solution  of  potassium 
chlorate  in  nitric  acid  in  the  same  manner  as  the  ore  was 
first  treated.  This  is  run  down  to  dryness,  and  again  treated 
with  ammonium  chloride  and  ammonia,  as  in  the  case  of  the 
ore;  the  precipitated  iron  and  aluminum  hydrates  are  again 
filtered  off,  and  washed  with  the  hot  ammonium-chloride 
solution,  the  filtrate  and  washings  being  added  to  the  first 
filtrate.  If  the  first  precipitate  of  hydrates  is  small,  however, 
the  little  zinc  it  carries  down  may  be  neglected.  The  p^^ 
cipitate  is  filtered  out,  washed  as  before  described,  and  tb« 
operation  continued.  If  the  filtrate  is  blue,  it  contains  copper, 
which  jtiusi  be  removed  before  titrating.  Enough  HCl  i^ 
added  until  the  solution  is  neutral  (indicated  by  the  disap- 
pearance of  the  blue  color  if  copper  is  present,  or  by  blue 
litmus  paper  turning  red  if  the  solution  contains  no  copper) 
and  then  10  c.  c.  excess  of  concentrated  HCl  is  added.  It  tt 
solution  contains  copper,  20  to  40  g.  of  test  lead  is  added  asd 
the  solution  boiled  until  all  the  copper  is  precipitated.  Tte 
solution  is  decanted  from  the  lead  into  a  beaker,  the  ie-ii 
and  precipitated  copper  is  washed  thoroughly  (the  wash- 
inj^^s  being:  added  to  the  main  solution)  and  the  whole  then 
titrated  as  in  the  standardization. 

If,  as  may  sometimes  happen,  the  ore  will  not  decompose 
completely  by  treatment  with  aqua  regia,  the  solution  should 
be  evaporated  to  dryness,  the  soluble  salts  dissolved  out  with 
water,  and  the  insoluble  residue  filtered  off.  The  insolnb> 
residue  is  fused  in  a  porcelain  crucible  with  carbonate  an 
nitrate  of  soda,  the  fused  mass  is  dissolved  with  water  aJ 
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ric  acidt  the  silica  filtered  off.  and  the  filtrate  added  to  the 
It  filtrate.  The  whole  is  now  evaporated  nearly  to  dryness 
the  operation  proceeded  with  as  before. 

t2«     Western  Chemical  Society's  ZIne  Methoa. — The 

stliod  of  determining  zinc  adopted  by  the  Western  Chem- 
m  Society  is  here  E^iven.  The  solutions  employed  are  as 
llows: 

solution  of  ammontam  chloride »  made  by  dissolving  60  g, 

tbe  salt  in  250  c.  c.  of  water  and  adding  150  c.  c.  of  strong 

iinonia. 

soiutioQ  of  potassium  ferrocyanide,  containing  21.6  g, 

the  pure  salt  to  the  liter  of  water. 
[A  solution  of  uranium  acetate »  4.5  g.  to  100  c*  c,  of  water 

2  c.  c.  of  acetic  acid. 
Fa  saturated  solution  of  potassium  chlorate  in  nitric  acid, 
I  Tbe  method  of  standardization  is  as  follows: 
[,2  to  ,3  g-  of  freshly  ignited  zinc  oxide  is  dissolved  in  10  c*  c, 

hydrochloric  acid,  and  is  made  just  neutral  with  ammonia. 
fo  thisi  6  c.  c.  of  concentrated  hydrochloric  acid  and  180  c.  c. 

Iter  is  added,  the  whole  being  then  boiled  and  titrated. 

le  results  are  checked,  chemically  pure,  zinc  being  used 

stead  of  zinc  oxide  for  the  purpose. 

33.  The  solution  is  now  divided  Into  two  equal  parts, 
ad  one  part  quickly  titrated,  the  remainder  being  then  added 
id  enough  run   in  quickly  to  finish   the   titration  almost; 

drops  at  a  time  are  then  added,  the  solution  being  tested 

fter  each  addition  by  placing  a  drop  of  the  solution  on  a 

rop  of  the  uranium  acetate  on  a  spot  plate.     When  this 

Ives  a  yellow  color,  the  titration  is  finished.    By  taking  care 

complete  the  titration  by  adding  only  2  drops  of  ferrocy- 

lide  at  a  time,  a  delicate  end  reaction  may  be  obtained.  If 
Bveral  successive  spots  develop  the  yellow  color,  it  is  then 

>ssible  to  deduct  from  the  burette  reading  the  value  of  the 

amber  of  spots  added  after  the  end  color  was  first  obtained. 

34,    Ti'eatmeut  of  glue  OreB,— In  the    treatment  of 
ores,  from  ,5  g,  to  1  g,,  according  to  the  richness  of  the 
bre»  Is  dissolved  in  4  to  8  c.  c.  of  hydrochloric  and  an  equal 
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[■  amount  of  nitric  acid,  which  is  then,  evaporated  to  one-tWri 

i  of  the  orig^inal  volume.     If  gelatinous  silica  is  present,  the 

I  solution  should  be  diluted  a  little  and  filtered.     (Gelatinous 

silica  combines  with  zinc  in  an  alkaline  solution.)    To  this, 

15  c.  c.  of  the  solution  of  potassium  chlorate  in  nitric  add 

is  added. 

The  solution  is  now  evaporated  to  dryness,  care  being  taken 
not  to  bake  it  (if  the  dry  mass  is  heated  much  above  the  boil- 
ing point,  the  zinc  is  rendered  difficultly  soluble  in  ammonium 
chloride;  furthermore,  chloride  is  volatile,  in  the  presence  of 
hydrochloric  acid,  at  a  comparatively  low  temperature).  The 
mass  is  cooled.  40  c.  c.  of  the  ammonium-chloride  solu- 
tion added  and  the  solution  boiled,  care  being  taken  that  aD 
clots  are  broken  up.  This  is  filtered  and  washed  with  a  hot 
solution  of  ammonium  chloride.  If  much  iron  is  present,  the 
precipitate  should  be  dissolved  in  a  minimum  of  hot  dilute 
(a)  hydrochloric  acid,  and  the  treatment  with  ammonium- 
chloride  solution  repeated.  (It  is  very  difficult,  if  not  impos- 
sible, to  wash  all  the  zinc  out  of  the  ferric  hydroxide.) 

The  filtrate  is  neutralized  with  15  c.  c.  of  strong  hydro- 
chloric acid  and  15  g.  of  granulated  lead  added,  and  the 
solution  boiled  until  all  copper  is  precipitated,  when  titration 
is  performed. 

The  amount  of  solution,  of  free  hydrochloric  acid,  andoi 
ammonium  chloride  should  always  be  the  same,  and  the  soifl- 
tion  should  always  be  titrated  at  the  same  temperature,  which 
should  be  near  the  boiling  point. 


DETERMINATION    OF    SULPHUR 

35.     Elliott's  Method. — Tl  e  volumetric  determinatiofl 

of  sulphur  depends  on: 

1.  The  treatment  of  the  material  containing  sulphur  wi4 
an  acid  that  will  liberate  the  sulphur. 

2,  The    formation  of  hydrogen   sulphide,    //^S,   and  its 
absorption  in  a  solution  of  sodium  hydrate. 

o.     The  liberation  of  sulphur  from  hydrogen  sulphide  1? 
titration  with  iodine. 
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jlo  order  to  carry  out  this  method  for  rapidly  determining 
|il[ihiir  by  volumetric  analysis,  the  following  solutions  are 

luired: 
jl,    A  bichromate-of-potassium  solution  of  5  g.  of  pure 
ftCttOt  in  l.CMX)  c.  c,  of  water.     Theoretically^  such  a  solu- 

m  is  equivalent  to  ,00569  g.  of  iron;  it  should,  however,  be 

rated  to  ascertain  its  equivalent  in  iron. 
f2-     A  thiosulphate  solution  containing  24,8  g.  of  A'ir?t*S",0,* 

f^O  m  1,000  c.  c.  of  water.     Theoreiically,  such  a  solution 

equivalent  to  «01265  g*  of  iodine;  it  should,  however*  be 

indardized. 
[3«     An  iodine  solution  containing  12.65  g.  of  potassium 

lide  in  1,000  c,  c.  of  water*     Theoretically,  such  a  solution 

equivalent  to  IJ248  g*  of  thiosulpbaie  solurion. 

4.     A  solution  containiog  1  g*  of  starch  to  150  c.  c.  of 
^iltng  water. 


36*     i^tandardtztiigr  the  Solutions. — The  method  of 
indardizing  the  bichromate  of  potassium  has  been  explained, 
id  will  not  be  repeated;  however,  the  reaction  that  occurs 
shown  by  the  equation; 

6/?a,  +  /C,Cr,0\  +  UNO 

=  s/r.a.  +  2Ar/  +  CnO.  +  7//.0 

From  this  equation,  one  equivalent  of  KX^^O,  with  a 
^olectilar  weight  of  292.26  is  equal  to  six  equtvaleots  of 

>n  with  a  molecular  weight  of  SS3. 

When  biLhromate  of  potassium  is  added  to  a  solution  of 

iide  of  potassium  in  the  presence  of  free  HCh  iodine  is 

iterated  according  to  the  equation: 

A'.O.O,  +  6A7  +  una  -  SA'C/  +  Cr.C/.  +  7//,(?  +  6/ 

From  this  equation,  it  is  seen  that  one  equivalent  of 
f;C>,0.  with  a  molecular  weight  of  292.26  liberates  *st3e 
luivalents  of  iodine  with  an  atomic  weight  of  lh%.0^. 

It  is  evident  from  this  that,  by  adding  to  a  solution  of 
^dide  of  potassium  in  the  presence  of  HCi,  a  known  qiian* 
ty  of  bichromate  solution^  the  absolute  amount  of  iodine 
sralcd  can  be  calculated.  When  a  solution  of  Iodine  is 
led  to  a  solution  of  thiosulphate  containing  a  little  starch. 
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a  permanent  blue  color  will  appear  when  an  excess  of  iodise 
occurs;  if,  therefore,  a  solution  containing  a  known  amonnl 
of  iodine  is  titrated  with  a  thiosulphate  solution,  the  latter 
may  be  standardized,  the  reaction  being  as  follows: 
2Na,S,0,bH,0  +  2/  =  2NaI'^H,0  -f  Na,S,0.  +  H,0 
If  the  iodine  is  used  to  titrate  a  solution  containing  free 
hydrogen  sulphide,  //,5,  also  containing  starch,  the  reaction 
would  be  complete  when  a  blue  color  had  been  formed,  and 
if  the  amount  of  iodine  is. known  the  amount  of  sulphnr 
liberated  can  be  calculated.  The  reaction  may  be  expressed 
as  follows: 

//.S+2/  =  2H/'{-S 

37.  Calculating:  Elliott's  Method. — Suppose  that  bf 
titration  it  was  found  that  1  c.  c.  of  bichromate  solution  was 
equivalent  to  .0566  g.  of  iron;  then, 

333  :  292.26  =  .00566  :  .004967  g.  of  A^Cr.ft 

But,  292.26  :  756.06  =  .004967  :  .001284 

that  is,  1  c.c.  of  the  bichromate  solution  will  liberate  .001284  j. 

of  iodine.     Suppose,  on  titration,  it  was  found  that  Ice 

of  thiosulphate  will  decolorize  .01267  g.  of  the  iodine;  then, 

10  c.  c.   of  the  thiosulphate  solution  is  measured  out  and 

diluted  to  300  c.  c,  when  a  few  drops  of  starch  solution  are 

added,  and  the  whole  titrated.     Suppose  it  required  20.1  c.c 

of  the  iodide  solution  to  give  a  permanent  blue  color;  then. 

.1267  X  W 
20.1    c.   c.  =  .1267    g.   of   iodine,   or   1   c.  c.  =  — njrp* 

=  .006303  g.  As  it  requires  2  parts  of  iodine  to  liberate  1  ^ 
of  sulphur  according  to  the  formula  HtS,  the  proportion  is, for 
sulphur.  2/:  5  =  252.02  :  31.82  =  .006303  :  .000795,  or  1  cc 
of  iodine  is  equal  to  .000795  g.  of  sulphur. 


GRAVIMETRIC  ANAL.YSI8 

38.  (Gravimetric  Assaying. — In  wet  assaying,  u* 
substance  under  examination  is  taken  into  solution  by  * 
liquid  chemical  and  then  precipitated.  The  reagents  add* 
will  precipitate  the  element  in  the  form  of  an  insoluble  cot 
pound   of    known    composition.     This    precipitate  is  tW 
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ted  tfom  the  solution  by  filtering,  and  in  washed, 
,  and  weighed.  The  composition  and  weight  of  the  pre* 
la  iieing  known*  the  weight  of  the  element  in  question 
be  calculated*  This  method  is  known  as  i^ravl metric 
yi^t»f  or  analysis  by  weighing.  It  is  frequently  necessary 
avimetric  analysis  to  fuse  one  substance  with  another  in 
to  make  a  soluble  compound ♦  from  which  an  insoluble 
pi  tale  uC  the  substance  sought  can  be  obtained,  Gravi* 
;c  analysis,  while  slower  than  volumetric,  is  practiced 
an  exhaustive  analysis  of  a  mineral  is  required,  and 
es  where  volumetric  analysis  is  not  reliable ♦ 

OetertitlnatloEt  of  Iron  lu  Iron  WIro, — The 
rmination  for  iron  in  iron  wirei  and  that  for  iron  and 
can  he  more  qtiickly  and  as  accurately  accomplished 
le  volumetric  method.  Two  samples  of  bright  iron  wire 
proximately  ,5  g.  are  weighed,  transferred  to  No,  3 
ers^  and  digested  with  25  c*  c,  of  hydrochloric  acid  and  5 
if  niLric  acid.  The  beaker  is  covered  and  gently  warmed 
solution  is  complete.  The  samples  are  both  treated 
u  Next,  100  c.  c,  of  water  is  added  and  ammonia  then 
ally  added  unlil  the  solution  is  slightly  alkaline:  this  is 
1  and  tiilered  through  a  No.  4  ashless  fiUer,  and  the 
>itate  washed  with  hoi  water  until  the  water  coming  off 
iger  has  an  alkaline  reaction.  The  precipitate  is  dried  at 
C.  As  much  as  possible  of  the  dry  precipitate  is 
ved  to  a  piece  of  glazed  paper.  The  filter  paper  is  ignited 
weighed  porcelain  crucible,  uncovered  until  all  carbon* 
s  materia]  is  expelled^  The  precipitate  from  the  glazed 
is  then  added,  the  crucible  covered*  and  the  whole 
d  to  red  heat  for  10  minuteSt  after  which  it  is  cooled 
esiccator  and  weighed, 
e  crucible  and  contents  are  heated  a  second  time,  cooled, 
weighed,  and  then  a  third  time  if  the  weight  is  not 

HUPt^;— Wire  taken,  .f>  g.     Weight  of  cmcihle,  HJ21  g*     Weigbl 
[CiNe  ftut!  ferric  oxide,  Fe^Ot,  9.432  g*     Weight  of  ferric  oxide, 
—  S.T21  t=,  ,711  g.     What  was  {a)  the  weight,  aad  (&}  the  per- 
oi  iron  in  ih^  wire? 
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Solution.— (a)  Fe^O^  :  />,  =  .711  :  x,  or  l.>8.64  :  111  =  .711 :  x; 

111  X  .711         .^.,         *  r-  •    *u 
hence,  x  =  "fi^ftJ —  =  •^^''*  8*  ©^  -'^  in  the  wire.    Ans. 

...     .4974X100       ^.^  *      r  Z7   •     .1.        .  •      * 

(^)     ^ =  99.48  per  cent,  of  Fe  in  the  wire.    Ans. 

40.  Determination  of  Copper  in  Copper  Sulphate. 
To  determine  the  amount  of  copper  in  copper  sulphate, 
CnSO^'bHtO,  about  5  g.  of  copper  sulphate  is  pulverized, 
pressed  between  a  filter,  and  placed  in  a  small  weighing  tube 
which  is  then  sealed.  The  tube  and  its  contents  are  weighed 
and  then  about  1  g.  of  the  sulphate  is  poured  from  the  tube 
into  a  beaker,  and  the  tube  reweighed.  The  different 
between  the  two  weights  of  the  tube  gives  the  weight  o 
the  sulphate  in  the  beaker.  Copper  sulphate  is  weighed  h 
this  manner,  so  that  it  will  not  injure  the  scales  or  scale  pan 

The  salt  is  dissolved  in  100  c.  c.  of  hot  water,  and,  if  lb 
solution  is  not  clear,  a  few  drops  of  dilute  sulphuric  acid  an 
added.  This  is  then  warmed  and  a  clear  solution  of  sodinu 
hydrate,  NaOH,  added  gradually,  with  constant  stirring,  unti 
the  copper  solution  is  alkaline.  It  is  then  boiled,  when  tbi 
copper  will  be  precipitated  as  a  brown  cupric  oxide;  thus: 
CiiSO.  -f-  2{NaOH)  =  CuO  -h  Na.SO,  -h  H,0 

The  precipitate  is  allowed  to  settle,  and  the  precipitat 
decanted  on  a  No.  4  ashless  filter,  and  washed  with  he 
water  until  the  reaction  of  the  washings  is  no  longer  alkaline 
This  is  now  dried  at  105°  C.  The  precipitate  is  remove 
from  the  filter  paper,  and  placed  on  a  piece  of  glazed  pape: 
The  filter  paper  is  transferred  to  a  weighed  porcelain  crucibl 
and  ignited.  This  is  allowed  to  cool,  when  2  or  3  drops  c 
nitric  acid  are  added  to  dissolve  the  copper  that  was  reduce 
from  the  cupric  oxide  by  the  carbon  of  the  filter  pape: 
When  the  solution  is  complete,  it  is  evaporated  to  drynei 
and  heated  to  redness,  to  convert  all  copper  nitrate  to  cupr 
oxide.  The  cupric  oxide  on  the  glazed  paper  is  now  adde 
to  that  in  the  crucible,  and  the  whole  heated  to  red  heat  se^ 
eral  times,  or  until  a  constant  weight  is  obtained. 
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EXAMPLE    rciR    PRACTICK 

|8tip|icMie  that  the  weight  of  the   tube   and   copper  sulphate   was 

I  g,;  thtkt  the  5«-cond  weighitig  was  5.9606  g,;  and  that  the  cupnc 
!•,  CuO,  and  crucible  weighed   15,3744  g.   and  the  crucible  alone 
g*     {a}  What    wrnihl    be    the  weight    of   the  copper  sulphate 
I?     id)  What  wo\3ld  be  the  weight  of  the  copper  iti  the  sulphate? 
What  per  ceat*  of  copper  was  la  the  sulphate? 


Ans 


{{&)  .2702  g.  of  Cu 

[  (c)  *Jo,*SH  p^rceat.  of  Cu 


Nora.— tt  i«  |[Eciirr«Llr  die  ca^tcim  to  cAlcraJftte  the  iheorvCkut  quaatltki  and 
biDpare  tham  vfith  the  rcaitlti  obtalDcd:  thus,  la  Uie  nbove  example* 
CuMH^b/lMO  ^  Cm  -  100  ^  r 

2i7M  :  £9,1  '  LOO :  ;r 
68.1  X  100      ^^^  *      *   .^ 

*  *"      *M7  M^  ~  ^'"  *^*" 

f Ivlnff  a  diJTerfloee  «i  .Oft  per  cent,  from  that  laund  by  natlyifi. 


41,     Dcternitiintlou  of  Lead  In   (Galena, — To   deter- 

llne  lead  in  galena,  2  g^,  of  finely  powdered  ore  is  placed  in 

4-inch  porcelain  crucible  and  25  c*  c.  of  warm  nitric  acid, 

id  15  c*  c,  of  sulphuric  acid  are  added.      This  is  evap- 

rated  carefully  until  all  red  nitrous  furnes  cease.     When 

9o!ed,  a  few  drops  of  dilute  sulphuric  acid  and  75  c,  c.  of 

pater  are  added,  the  whole  being  then  brought  to  a  boih 

ed,  and  washed  well.     The  fiUraie  may  be  neglected. 

[  precipitate  is  washed  froni  the  filler  into  a  No*  3  beaker, 

jl  over  75  e.  c,  of  water  being  used;   then»  100  c.  c.  of 

>d ill m -carbon ate  solution  ( 1  to  10}  ts  added  and  the  contents 

|f  the  beaker  boiled  for  15  or  20   minutes.     The    solution 

last  be  strongly  alkaline,  in  order  to  convert  the  lead  sul- 

late  into  carbonate.    The  solution  is  now  filtered  and  washed 

rell  with  hot  water  until  the  reaction  of  the  wash  filtrate  is 

JO  longer  alkaline*     The  filtrate  may  be  neglected*      The 

precipitate  is  washed  into  a  No,, 3  beaker  with  about  75  c.  c. 

^f  water,  then  75  c.  c,  of  strong  acetic   acid  is  added,  and 

le  contents  of  the  beaker  kept  at  boiling  temperature  for 

^0  minutes*  and    covered   with  a  watch   glass.     Lead  car- 

>Date  is  converted  into  soluble  lead  acetate,  while  silica 

gangue   remains    insoluble.     This   is   now    filtered    and 

irashed  well  with  hot  water,  the  residue  on  the  filter  being 
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ne^rlected.  To  the  solution  of  lead  in  the  beaker,  whidi 
should  not  exceed  200  c.  c,  dilute  sulphuric  acid  is  added 
until  no  precipitate  is  formed.  After  standing  for  half  an 
hour  the  lead  sulphate  is  filtered  off  on  a  No.  3  ashless  filter, 
washed  with  hot  water,  and  dried  at  102®  C.  The  dry  lead 
sulphate  is  then  transferred  to  glazed  paper,  and  the  filter 
paper  ignited  in  a  weighed  porcelain  crucible.  After  incin- 
eration, a  few  drops  of  nitric  acid  are  added  and  the  solution 
is  warmed  gently  in  order  to  reduce  any  metallic  lead  to 
lead  nitrate,  and  then  3  or  4  drops  of  sulphuric  acid  are 
added  and  evaporated  to  dryness.  The  rest  of  the  lead  sul- 
phate on  the  glazed  paper  is  added,  and  the  contents  of  the 
crucible  ignited  to  redness.  This  is  then  cooled  in  a  desic- 
cator, and  weighed.  The  igniting  and  cooling  are  repeated 
until  the  assay  has  a  constant  weight. 


EXAMPLE    FOR    PRACTICE 

First  weighing  of  tube  and  galena 16.670  g. 

Second  weighing  of  tube  and  galena 14.503  g. 

Crucible  -h  PbSO^  weighed 17.576  g. 

rrmililc 16.0^  g. 

{a)     What  was  the  weight  of  galena  taken? 

(h)     What  was  the  weight  of  PhSO^  found? 

ic)     What  was  the  weight  of  the  lead  found? 

(d)     What  percentage  of  lead  was  in  the  galena  sample? 

(tf)  2.167  g. 
^^  !(*)  1.012  g. 
^°^-^  '  ')   .6914  g. 

0  31.9  percent. 


42.  Determination  of  Sulphur.  —  The  following 
method  will  be  found  useful  for  the  determination  of  sulphur 
in  ])ractically  any  compound:  one  gram  of  the  substance  is 
fused  with  from  one  to  two  sticks  of  potassium  hydrate. 
KOH  (the  chemically  pure  caustic  potash  by  alcohol  should 
be  used,  as  any  other  generally  contains  sulphur,  and  even 
this  should  be  tested  to  be  sure  that  no  sulphur  is  present) 
in  a  platinum  or  silver  crucible  (a  crucible  lined  with  gold 
is  to  be  preferred,  as  the  alkali  generally  attacks  the  other 
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articibles  to  a  slight  extent)  over  a  spirit  lamp.  The  best 
method  of  niaking  the  fusion  is  to  place  the  KOH  iti  the 
ctble  and  heat  over  the  spirit  lamp  until  the  fused  mass 
I,  The  lamp  is  removed  from  under  the  cmctble.  tha 
'stance  brushed  into  ji,  and  heated  for  from  5  to  30  minuies, 
r  until  the  substance  is  thoroughly  decomposed*  (A  spirit 
itip  is  used  on  account  of  the  fact  that  gas  always  contains 
or  less  sulphur,  and  were  the  gas  flome  employed, 
^bur  would  be  introduced  into  the  material  in  die  crucible*) 
r  the  material  in  the  crucible  is  thoroughly  fused,  it 
uld  be  removed  from  the  flame  and  allowed  to  cool.  As 
n  as  cold,  the  mass  should  be  dissolved  in  a  beaker  with 
m  water*  and  when  it  is  all  transferred  to  the  beaker  it  is 
ed  and  filtered.  The  filter  is  washed  with  boilmjj  water 
I  the  washings  come  through  free  from  sulphides  or 
abates.  To  the  filtrate  from  20  to  40  c.  c.  of  bromine 
er  is  now  added,  the  whole  heated  to  about  !)0^  C,  and 
acidified  with  HO,  If  the  substance  contains  silica,  it 
now  be  in  solution  and  must  be  removed  by  evaporating 
dryness,  heating  the  dry  material  to  render  the  silica 
loluble,  and  then  taking:  np  the  remainder  of  the  material 
h  water  and  //r/,  after  which  the  silica,  which  has  been 
idered  insoluble,  tnay  be  filtered  oflf.  The  filtrate  from 
silica  is  boiled  and  a  boiling  solution  of  barium  chloride, 
iC/,,  added  until  all  the  sulphur  is  precipitated  as  barium 
hate,  BaSO^.  By  heatinjj  the  barium-chloride  solution 
bre  adding  it  to  the  soluticm,  the  barium  sulphate  \riJl  be 
precipitated  almost  immediately,  while  if  the  solution  were 
cold  it  would  take  some  lime-  After  the  addition  of  barium 
chloride,  the  solution  is  brought  to  a  boil  and  then  removed 
jjo  a  warm  place  and  allowed  to  settle.  When  the  precipitate 
lias  settled  to  the  bottom*  the  precipitate  is  washed  and 
"'lered  thoroughly  with  boiling  water;  then,  a  few  drops  of 
te  If  a  are  dropped  around  the  edge  of  the  filter  paper, 
ich  h  then  washed  twice  more  wilh  hot  water.  The  last 
hing  should  be  tested  with  silver  nitrate  to  be  sure  that 
the  HCi  has  been  removed.  The  object  of  the  last  wash- 
with  HCi  is  to  insure  the  removal  of  all  the  calcium  salts* 
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The  precipitate  should  now  be  dried  by  removing  the 
funnel  and  filter  paper  to  a  ring:  stand  or  some  suitable  sup- 
port and  warming:  until  the  precipitate  is  dry.  It  may  then 
be  removed  from  the  filter  paper  by  placing  a  platinmn 
crucible  on  a  sheet  of  glazed  paper  or  a  clean  watch  glass 
and  gently  rolling  the  filter  paper  between  the  fingers  over 
it  in  such  a  manner  as  to  rub  off  the  precipitate.  After  all 
the  precipitate  that  it  is  possible  to  remove  has  been  uans- 
ferred  to  the  crucible,  the  filter  paper  should  be  rolled 
up,  placed  on  the  platinum  lid  of  the  crucible,  and  burned 
by  holding  the  lid  over  the  flame  of  a  burner  or  spirit 
lamp.  The  ash  of  the  filter  paper  is  then  added  to  the  con- 
tents of  the  crucible  and  the  whole  ignited  in  a  muffle  or 
over  a  blast  lamp.  The  crucible  is  then  cooled,  when  its 
contents  should  be  perfectly  white.  The  precipitate  maybe 
weighed  either  by  transferring  from  the  crucible  to  the 
watch  glass  of  a  balance  or  by  weighing  with  the  crucible. 
The  weight  of  the  barium  sulphate^  less  the  known  weight 
of  the  ash  of  the  filter  paper,  multiplied  by  .13734,  will  be 
the  weight  of  the  sulphur  present  in  the  amount  of  the 
substance  taken. 

When  silica  is  not  present,  the  evaporation  of  the  filtrarc 
from  the  solution  of  the  fusion  can  be  omitted,  which  vu 
greatly  shorten  the  method.  When  evaporating  to  dryness, 
care  must  be  taken  on  account  of  the  fact  that,  if  it  is  doneioe 
rapidly,  some  of  the  material  is  liable  to  be  lost  by  spurtinj. 

43.  Determination  of  Phosphorus. — In  the  gravi- 
metric determination  of  phosphorus,  from  2  to  10  g.  of  the 
ore  to  be  tested  is  dissolved  in  //C/,  When  only  2 1 
is  employed.  20  c.  c.  of  HO  will  be  sufficient.  It  is  best  to 
keep  the  solution  on  a  sand  bath  or  hot  plate  almost  21 
the  boiling:  point  until  it  is  reduced  to  a  syrup,  and  then  acfl 
20  c.  c.  of  concentrated  HNO^,  The  solution  should  be 
boiled  down  to  about  10  c.  c.  or  until  no  more  fumes  oAHC 
are  given  off. 

In  case  or<,^anic  matter  is  present,  it  will  be  necessary  1.' 
destroy  it  by  carrying  the  evaporation  with  HA^O^  to  dryndi 
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id  then  baking  the  residue  until  no  more  acid  fumes  are 

)]ved.  When  the  material  becomes  cooU  it  should  be 
^ssolved  in  HO  and  then  evaporated  down  to  a  syrup  as 
tfore^  HNO^  added,  and  the  whole  evaporated  until  no 
lore  HO  fumes  are  given  off. 
The  sides  of  the  beaker  are  now  washed  down,  and  the  solu- 
jn  diluted  to  about  30  c.  c.  This  is  now  filtered  through  a 
ipid  filter  to  get  rid  of  the  insoluble  residue,  which,  if  it  is 

ssent  in  considerable  quantity,  should  be  ignited  with 
>diunn  carbonate,  the  fused  iHass  dissolved  in  dilute  H^O^ 
%d  then  added  to  the  HNO^  solution.  The  solution  should 
>riiain  as  little  free  acid  as  possible* 

To  thtSj  35  c.  c,  of  concentrated  NH^OH  is  now  added » 
^hich  will  precipitate  anj  iron  and  aluminum  present  and 

ider  the  solution  alkaline.  Then,  about  37  c,  c,  of  concen- 
ited  //AT),  is  added?  this  is  to  dissolve  the  precipitate  and 
fy  the  solution,  thus  rendering  it  slightly  acid*  If  it 
>cs  not,  a  trifle  more  of  the  acid  should  be  added.  The 
saction  between  the  ammonia  and  the  nitric  acid  will  usually 
sal  the  solution  to  about  85^  C.  If,  on  testing  with  a 
jicrmometer,  the  temperature  is  not  85*^  C,  the  solution 
lould  be  heated  or  cooled  to  this  temperature,  when  it  should 

taken  off  the  sand  bath.     While  still  hot,  75  c,  c,  of  molyb* 
ite  solution  is  added.     This  may  be  added  while  the  mate- 
ri%  in  a  large  beaker  or  in  an  Erlenmeyer  flask*     The 

rmometer  used  in  ascertaining  the  temperature  of  the 
>lutton  should  be  washed  off  by  means  of  the  molybdate 
jlulion  as  it  is  added, 

If  arsenic  is  known  to  be  present*  tlic  temperature  of  the 
^lution  should  be  reduced  to  25^  C*  before  the  molybdate 
>Iuiiou  is  added  and  the  material  allowed  to  stand  at  least 
f  hours  with  occasional  agitation,  when  the  phosphorus  will 

precipitated  and  the  arsenic  will  remain  in  solution. 

Where  arsenic  is  not  present,  the  molybdate  solution  is 
ided  while  the  ore  solution  is  hot,  as  before  stated,  and  the 
recipitation  is  assisted  by  shaking  or  agitating  the  solution. 

the  solution  is  in  a  flask  or  glass-stoppered  bottle,  it  may 

shaken  mechanical ly,  or  if  in  a  beaker  or  flask,  it  may  be 
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given  a  rotative  motion  by  whirling  or  rotating  the  flask  in 
the  hand.  If  the  laboratory  is  provided  with  compressed  air, 
the  shaking  may  be  accomplished  by  carrying  a  curreni  of 
air  into  the  solution  through  a  glass  tube  and  allowing  it  to 
ascend  to  the  surface  as  bubbles. 

After  the  phosphorus  has  been  thoroughly  precipitated,  it 
should  be  filtered  off.  Care  must  be  exercised  in  the  filter- 
ing and  in  the  subsequent  washing  not  to  allow  the  yellow 
precipitate  to  crawl  over  the  upper  edges  of  the  filter. 
While  the  precipitate  is  on  the  filter,  it  should  be  washed 
with  a  2-per-cent.  nitric-acid  solution  filling:  at  least  six  times 
to  its  edges.     This  is  to  remove  all  iron. 

The  yellow  precipitate  can  now  be  dissolved  in  ammonia, 
and  if  any  of  the  precipitate  should  adhere  to  the  flask  or 
beaker  in  which  the  precipitating  was  accomplished,  this 
may  be  dissolved  in  a  portion  of  the  ammonia  employed  for 
bringing  the  material  on  the  filter  into  solution.  The  solu- 
tion should  now  be  made  acid  with  dilute  sulphuric  acid  and 
then  alkaline  with  ammonia  in  excess.  This  should  be 
CDoled  to  at  least  25°  C,  and  when  cold  50  c.  c.  of  magnesia 
mixture  should  be  added.  The  flask  or  beaker  should  be 
allowed  to  remain  in  a  cool  place  for  at  least  4  hours, 
with  frequent  agitations.  By  this  time  all  the  phosphorus 
should  be  precipitated,  and  it  then  run  on  to  a  tiller,  the 
weight  of  the  ash  of  which  is  known.  The  resulting  vci:iZ- 
nesium  pyrophosphate  and  ash  are  then  washed  with  water: 
ij:nited,  and  weighed.  The  known  weight  of  the  ash  oi  ibi- 
lilter  is  then  subtracted  from  the  weight  obtained  and  in 
vosult  multiplied  by  .27928,  which  will  give  the  weight  o: 
•phosphorus  in  the  amount  of  the  substance  taken,  and  fror. 
:*::is  the  percentage  can  be  easily  figured.  It  is  usually  bef. 
:.^  test  the  solution  before  filtering  by  adding  a  few  drops-,: 
"\;i;nesia  mixture  and  allowing  the  solution  to  stand  forafe^ 
— -.vutos  in  order  to  see  whether  all  the  phosphorus  has  bee:. 
■/•i^'-.iMiated.  If  a  precipitate  results  from  the  addition  o: 
**.ve  :nagnesia  mixture,  it  is  evident  that  all  the  phosphom? 
^.;s  -v^t  been  thrown  down,  and  the  solution  must  be  allowed 
;,'  x:.;r.d  longer. 
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44.  The  Magnesia  Mixture. — The  magnesia  mixture 
may  be  made  by  dissolving  1  g.  of  magnesium  sulphate, 
MgSO^,  and  1  g.  of  ammonium  chloride,  NH^l,  in  4  c.  c.  of 
ammonia,  NH^OH,  and  8  c.  c.  of  water.  One  c.  c.  of  this 
solution  will  precipitate  .024  g.  of  phosphoric  acid,  P^O^,  The 
magnesium  sulphate  and  the  ammonia  chloride  should  be  in 
the  form  of  salt. 

46.  The  Molybdate  Solution. — This  may  be  made  by 
dissolving  1  g.  of  molybdic  acid,  MoO^y  in  4  c.  c.  of  ammonia 
and  then  pouring  the  solution  into  15  c.  c.  of  nitric  acid 
(sp.  gr.  1.2).  One  c.  c.  of  this  solution  will  precipitate 
.0013  g.  of  phosphorus. 

In  making  either  the  magnesia  or  the  molybdate  solution, 
the  proportions  will  be  increased  so  as  to  make  a  sufficient 
volume  of  the  material  required.  Either  one  of  the  solu- 
tions should  be  allowed  to  stand  for  a  day  or  two  before  it  is 
used  and  then  the  clear  solution  siphoned  off.  In  making^  up 
the  molybdate  solution,  it  will  be  necessary  to  keep  the  flask 
immersed  in  cold  water,  in  order  to  keep  the  temperature 
down  while  adding  the  ammonia  solution  to  the  nitric  acid. 


DETERMINATION    OF    SII^ICA 

46.  Insoluble  Matter. — The  insoluble  residue  left  after 
treating  an  ore  with  acids  usually  consists  principally  of 
silica,  together  with  other  substances  that  are  insoluble 
in  the  acids  used.  This  residue  is  spoken  of  as  i?isoIuh!e 
matter. 

To  determine  the  proportion  of  insoluble  matter  in  an  ore, 
1  g.  of  the  ore  may  be  treated  with  acid,  as  in  the  iron  and 
lime  determinations,  and  as  soon  as  all  of  the  soluble  portion 
of  the  ore  is  in  solution,  the  insoluble  residue  should  be 
diluted  with  water  and  filtered  off  on  a  special  filter  paper, 
the  weight  of  the  ash  from  which  is  known.  The  residue 
should  be  washed  thoroughly  on  the  filter  with  hot  distilled 
water,  and  then  the  filter  and  its  contents  placed  in  a  weijT:hed 
porcelain  or  platinum  crucible  and  heated  over  a  Bunsen 
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burner  until  the  moisture  has  all  evaporated,  when  they  are 
ignited  in  the  muffle  or  in  the  flame  of  a  blast  lamp,  and  nm 
down  to  ash.  The  crucible  and  contents  should  be  cooled 
and  then  weighed.  The  gain  in  weight  of  the  crucible 
minus  the  weight  of  the  filter  ash  is  the  weight  of  the  insoluble 
matter. 

47.  Silica  and  Its  Associates. — The  insoluble  portion 
of  an  ore  does  not  always  consist  of  silica;  in  fact,  it  may 
contain  no  silica  at  all.  There  are  various  other  substances 
that  are  insoluble  in  ordinary  acids — for  instance,  lead  and 
barium,  oxides  of  tin,  chromium,  titanium,  and  aluminum— 
and  these  when  present  in  the  ore  make  up  the  insoluble 
residue. 

48.  Lead  sulphate,  if  fused  with  sodium  bicarbonate, 
would  be  liable  to  be  reduced  to  metallic  lead.  Consequendy, 
if  any  lead  sulphate  is  present  in  the  insoluble  residue,  it 
must  be  removed  before  performing  the  fusion.  Lead  su^ 
phate  and  all  other  lead  salts  are  readily  soluble  in  a  hot 
solution  of  ammonium  acetate.  The  solution  is  best  made 
by  adding:  strong  acetic  acid  to  strong  ammonia  water  until 
the  solution  is  just  acid  (indicated  by  the  reddening  of  a 
piece  of  litmus  paper  placed  in  the  solution)  and  then  add- 
ing: a  few  drops  of  ammonia — just  enough  to  neutralize  the 
excess  of  acid  and  make  the  solution  again  slightly  alkaline 
Uiirn  the  litmus  paper  blue).  This  solution  should  be  heated 
lUMily  to  boiling,  and  then  with  the  residue  should  be 
waslied  on  the  filter  several  times.  The  hot  ammonium 
acet.\te  will  dissolve  out  the  lead  sulphate.  The  residue  on 
the  tiiter  is  washed  several  times  with  hot  distilled  water. 
a.u':  then  transferred  to  a  platinum  crucible,  and  run  down 
t^^  .i^h  as  before. 

Atiei  the  tilter  paper  is  completely  burned,  2  or  3  g.  of 
bu Mibor.ate  oi  soda  (some  chemists  prefer  to  use  a  mixture 
v^f  ovjiud  parts  of  sodium  and  potassium  bicarbonates  or 
catbvv^ues^  is  added  and  the  whole  fused  over  the  blast  lairp 
v^v  \:\  :\\c  inutile  imtil  all  action  has  ceased  and  the  fusion 
bocvMues  perfectly  liquid  and  quiet.    The  fusion  will  generally 
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jnire  from  10  to  20  minutes.    The  heat  should  be  raised 
[high  as  possible  during  the  last  few  minutes* 

Then  the  fusion  is  complete,  the  crucible  should  be 
loved  and  Its  bottom  dipped  into  cold  water  to  chill  the 
itents  quickly.  It  is  a  good  plan  to  place  in  the  crucible 
fore  chilling  a  piece  of  heavy  platinum  wire,  bent  into  a 
>k  at  the  lower  end;  the  fused  material  will  solidify 
>and  this  hook,  and  the  wire  can  then  be  used  as  a  handle 
which  to  remove  the  fusion  from  the  crucible  after  it 

become  loosened*  Boiling  water  from  a  wash  bottle  is 
Jed  to  loosen  the  fusion  so  that  it  may  be  removed. 
Jsrhtly  bending  the  crucible  a  few  times  with  the  fingers 
11  assist  in  loosening  the  fusion,  and  will  not  injure  the 
ticible*  A  Httle  dilute  HCi  may  be  used  to  remove 
[  last  traces  of  the  fused  mass  sticking  to  the  inside  of  the 
ictble.     The  crucible  should  be  washed  out  thoroughly, 

fused  mass  and  washings  transferred  to  a  casserole,  con- 
lerable  water  added,  and  then  J/Ci  added — drop  by  drop, 
[avoid  running  over,  as  the  carbonate  effervesces  violently 
the  acid-     The  addition  of  the  acid  is  continued  until 

carbonate  is  all  dissolved  and  the  acid  is  in  slight  excess. 
len,    the   casserole   is   covered  with   a   watch    glass   and 

solution  evaporated  down  to  dryness.  The  evaporation 
auld  be  completed  at  a  temperature  not  much  above  the 
iling  point  of  water;  otherwise,  the  solution  is  apt  to  spit 
len  it  becomes  thick,  and  thus  lose  some  of  the  silica, 
ter  the  mass  is  dry,  the  heat  is  raised  somewhat,  to  drive 

the  last  traces  of  //Ci.  More  water  is  then  added,  as 
Ell  as  a  few  drops  of  HCit  and  the  whole  is  again  boiled. 
lis  is  then  filtered  and  the  residue  washed  several  times 
th  hot  water,  and  then  dried  and  ignited  as  in  the  case  of 

insoluble  matter.  The  residue  now  consists  entirely  of 
(ica,  the  weight  of  which  is  determined  exactly  as  in  the 
of  the  insoluble  matter. 
?or  ordinary  work,  in  which  extreme  accuracy  is  not 
igbti  it  will  not  be  necessary  to  evaporate  the  solution 
to  dryness  and  again  take  up  with  water.  The  residue 
^m  the  solution  of   the  fused   mass  may  be  filtered  off 
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directly,  after  boiling:  the  solution,  and  then  washed,  ignited, 
and  weighed  as  silica. 

49.  Assay  of  Silica  Alone. — When  silica  alone  is 
wanted,  the  following  rapid  method  can  be  followed:  One 
gram  of  the  ore  is  dissolved  with  HCl^  evaporated  to  dry- 
ness, and  redissolved  in  dilute  HCL  This  is  filtered  on  to 
an  ashless  filter,  and  the  insoluble  silicious  residue  washed, 
dried,  ignited,  and  weighed.  The  material  should  be  ignited 
in  a  platinum  crucible,  then  a  few  drops  of  hydrofluoric  add» 
HF,  and  a  few  drops  of  concentrated  H^SO^  added.  This  is 
then  evaporated  to  dryness,  when  the  silica  will  pass  oS  as 
silicon  fluoride.  (The  work  should  be  done  under  a  hood) 
The  residue  is  then  ignited  and  weighed  with  the  c^ldbl^ 
The  difference  between  the  two  weights  will  be  the  weight 
of  the  silica  direct  as  SiO^, 

If  the  insoluble  silicious  matter  contains  calcium,  maga^ 
sium,  potassium,  or  sodium,  the  loss  in  weight  due  to  driving 
off  the  silica  will  not  be  entirely  apparent,  on  account  of  tb« 
fact  that  some  of  the  sulphuric  acid  will  combine  wid 
the  elements  just  named  to  form  sulphates,  and  hence  tin 
amount  of  sulphuric  acid  so  combined  must  be  detenninei 
and  added  to  the  amount  already  found.  This  may  b 
accomplished  by  fusing  the  residue  with  sodium  carbonat 
and  dissolving  in  water  acidulated  with  a  little  HCL  Tlii 
is  heated  to  boiling  and  a  hot  solution  of  barium  chloria 
BaCKy  added.  The  precipitated  barium  sulphate,  BaSO..  i 
then  filtered  off,  ignited,  and  weighed.  The  amount  of  Si 
in  the  barium  sulphate  can  be  calculated  by  multiplying  tb 
weight  obtained  by  .3433.  This  should  be  added  to  6 
Amount  of  SiO^  already  obtained.  When  the  ore  contain 
^^preciable  anlounts  of  barium  sulphate,  this  method  is  m 
4K)missible,  on  account  of  the  fact  that  the  SO^  contained  t 
li»  mineral  barium  sulphate  would  appear  as  SiO%. 
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EXDAUSTIYE  ANALYSIS  OF  IRON  OBB 

SOt  Treatment  of  the  Ore* — To  make  an  exhaustive 
analysis  of  an  iron  ore^  it  must  be  finely  pulvemed,  and 
thoroughly  dried  at  a  tetoperatiire  of  105^  C*  for  1  hour, 
A  large  sample  (10  g,  of  the  dried  ore)  is  taken  for  analysis, 
in  order  to  have  sufficient  material  and  solution  to  work  with- 
The  weighed  ore  is  placed  in  a  6-inch  porcelain  dish  covered 
with  50  c.  c*  of  hydrochloric  acid  and  15  c.  c-  of  nitric  add, 
and  evaporated  to  dryness.  After  cooling  the  dish,  75  c,  c* 
of  hydrochloric  acid  is  added,  and,  after  warming^,  100  c,  c  of 
water  is  added  and  the  mixture  boiled  and  filtered  into  a  one- 
half  liter  graduated  flask.  The  residue  is  thoroughly  washed 
on  the  filter  with  water  and  the  contents  brought  up  to  the 
half-! iter  mark  with  the  temperature  at  15.5"^  C.  There 
are  now  two  portions  of  the  original  ore  to  be  treated; 
namely,  diat  in  the  solution  and  that  which  in  the  solid  form 

fleft  on  the  filter. 
1.     Weight  of  Insoluble  Matter, — The  insoluble  mat- 
is  dried  to  drive  off  all  moisture  and  then  ignited  and 
tighed  as  gangue. 
This  is  well  illustrated  by  the  following  example: 
Grams 
Insoluble  residue  and  crucible  weighed     ,    .    10.551 
Crucible  alone  weighed 10*301 
Weight  of  insoluble  residue 
Pg-  «*^«*   ^t  i^^^u^ui^  -.**:j.-^  ,25U  X  100 
[f 


^er  cent,  of  insoluble  residue 


10 


.250 
=  2-5  per  cent, 


[f  the  insoluble  matter  contains  substances  besides  silica,  it 
should  be  fused  with  sodium  carbonate  in  a  platinum  cmcible* 
The  residue  should  then  be  cooled,  dissolved  in  water,  acidi- 
fied with  hydrochloric  acid,  and  evaporated  to  dryness  in  a 
3* inch  dish,  when  it  is  taken  up  with  dilute  hydrochloric  acid, 
filtered,  and  washed  welL  The  solid  residue  is  probably 
silica,  5/0,,  while  the  solution  contains  alumina,  Ai^O^,  The 
silica  15  dried,  ignited^  and  weighed  as  S/O,,  The  alumina 
is  thrown  down  by  ammonia  as  aluminum  hydrate»  and  is 
fillered,  washed,  ignited,  and  weighed  as  alumina^  AUO^* 


44  ASSAYING  §58 

52.  Welfirht  of  Pliosplioriis  Pentoxide,  P.O..— Two 
samples  of  100  c.  c.  of  the  solution  are  evaporated  to  30  c  c, 
cooled,  made  alkaline  with  ammonia,  then  slightly  acidified 
with  nitric  acid,  and  poured  with  constant  stirring:  into  40  cc 
of  ammonium-molybdate  solution,  and  allowed  to  stand 
3  hours.  This  is  then  filtered  and  washed  with  water  con- 
taining one-eighth  its  volume  of  the  molybdate  solution,  the 
filtrate  and  washings  being  neglected.  Ammonia  to  abom 
15  c.  c.  in  quantity  is  poured  on  the  yellow  precipitate  on  the 
filter  and  the  solution  formed  caught  in  a  beaker.  The  filter 
paper  free  from  yellow  precipitate  is  washed  with  hot  water, 
and  the  filtrate  treated  with  hydrochloric  acid,  which  precipi- 
tates yellow  ammonium  phosphomolybdate.  Standard  mag- 
nesia mixture  to  the  amount  of  30  c.  c.  is  now  added  with 
constant  stirring,  and  the  beaker  set  aside  for  30  minutes. 
This  is  filtered  on  ashless  filter,  washed  with  weak  ammonia 
(1  to  8),  dried,  ignited  in  a  porcelain  crucible,  and  weighed  as 
magnesium  pyrophosphate.    This  operation  is  illustrated  by 

the  following: 

Grams    Grams 

Crucible  -f  Mg,P,0, 7.6140    8.923 

Crucible 7.6104     8.919 

Mg,P,0, 0036      .004 

Mg.P.O.  :  P.O.  =  .0036^:-^  ^  ^ 

221.06  :  140.94  =  .0038  :  .0024 

rpu  .  fan         -0024  X  100  X  5 

The  percentage  of /'.C^.  = — - — ^^—  =  .12  percent 

53,  Weight  of  Alumina,  AUG., — One  hundred  c. c.  of 
the  solution  is  diluted  with  600  c.  c.  of  water  in  an  800-c.c. 
flask  and  boiled,  during  which  operation  ammonium  carbon- 
ate, (NH^),CO^,is  slowly  added  until  the  solution  becomes 
dark  red  in  color,  but  the  reaction  must  be  faintly  acid. 
About  25  c.  c.  of  ammonium  acetate,  NH^C.H.O.,  is  addei 
and  the  solution  is  boiled  and  filtered.  The  residue  contains 
alumina  and  iron  oxide,  while  the  solution  contains  man- 
ganese oxide,  calcium  oxide,  and  magnesia. 
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The  residue  is  washed  with  water  and  dissolved  in  hydro- 
llorie  acid  and  given  a  bulk  of  250  c.  c.     To  50  c*  c*  of  this 
>li]tion  a  slight   excess  of  ammonia  is  added,  then  it  is 
>iled,  filtered,  dried,  ignited,  and  weighed  as  Fe^O^  +  ALO^. 
le  amount  of  Fe^O^  in  this  solution  is  calculated.     If  the 
jreigfat  of  the  /r,0,  is  subtracted  from  the  weight  of  the 
twO^  +  Ai^O^^  the  difference  will  be  j4l,0t.     As  an  illu stra- 
in of  this,  the  following  may  be  taken: 
The  solution  was  50  c,  c»  from  250  c.  c.  =  one-fifth  of  100  c. c. 

GUAUS 

The  crucible  +  Fe,0,  -h  Al^O,  weighed   .        12.6614 

The  crucible  alone  weighed    .        .    .        .    ,    12. 81  GO 

Ai,0,-hFe.O, 3454 

By  titration  it  was  found  that  50  c*c,  of  the  original  solu- 
(on  gave  SUB  g.  of  Fe^O,,  or  .8316  -e-  2.5  =  J326  g.  of  ferric 
tide  for  50  c.  c.  of  the  250  c*  c.  solution  of  FetOt  -f  ALOn- 
,3454  -  .3326  =  .0128  g.  of  AUO^  by  difference*     Then, 
,0128  X  100  X  25 


10 


3.2  per  cent,  of  Al^O^ 


54 »  Welf^ht  of  Maiii^anese  Oxtd€9« — The  solution 
^maining  from  the  precipitation  of  ferric  oxide  and  alumina  is 
laced  in  a  Bask  and  to  it  are  added  a  few  drops  of  bromine  and 
imonia.  The  mixture  is  shaken  until  all  the  bromine  is  dis- 
>lved,  and  then  is  set  aside  for  12  hours,  after  which  it  is 
Itered  and  washed  with  a  2'per-cent.  solution  of  ammonium 
setate.  The  residue  is  manganese  dioxide,  MnO^,  It  is 
ried,  ignited,  and  weighed  as  manganese  oxide.  Of  the 
riginal  solution,  100  c.  c*  was  taken  and  this  was  diluted 
|ve  times  for  the  alumina  determination.     Assume  that. 

Grams 
The  crucible  and  j^/«.0*  weighed  .....  12.166 
The  crucible  alone  weighed 12.131 

Then,  the  Afn^O^  weighed,  by  difference,         .035 
.035  X  5  X  100 


10 


=  L75  per  cent*  of  Mn^O^ 


65.    Weiijht  of    Calcium   Oxide, —To    the   solution 
^ft  from  filtering  off  MnO^^  ammonium  carbonate  and  a  few 
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drops  of  ammonia  are  added.     This  is  set  aside  for  3  hours, 

then  filtered,  and  washed.     The  residue  on  the  filtrate  is 

calcium  acetate,  GsC.O«.    This  is  dried,  ig^nited,  and  weig^hed 

as  lime,  CaO.    Assume  that: 

Grams 

Weight  of  crucible  +  CaO 8.936 

Weight  of  crucible  alone 8.929 

Difference 007 

Then,       OO^X^SX  100  ^    gg  ^^^  ^^^^   ^^  ^^^ 

56.  Weight  of   Ma^rnesia. — The  solution  from  whidi 

the  calcium  acetate  was  precipitated  is  concentrated  by  heat 

to   250   c.  c,    and   then   an   excess   of    sodium   phosphate, 

NaMPO^,  is  added  with  constant  stirring,  thus  precipitating 

magnesium  phosphate,  Mg^P^O^.     This  is  allowed  to  stand 

for  2  hours,  when  it  is  filtered,  dried,  ignited,  and  weighed  as 

magnesium  pyrophosphate.     Assume  that: 

Grams 

Crucible  +  Mg^P^O,  weighed 8.929 

Crucible  alone  weighed 8.919 

MgtPtO,  weighs,  by  difference 010 

Then,  Mg^P.O,  :  2MgO  =  .01  :  jc 

or  221.06  :  80.12  =  .01  :  .00362 

As  the  original  solution  has  been  diluted  five  times, 
.0036  X  5  X  100        -o  .      ^  .^  ^ 

57.  Weight  of  SulphLur  Trloxlde. — To  ascertain  the 
weight  of  sulphur  trioxide,  60  c.  c.  of  the  original  solution  is 
boiled  and  an  excess  of  barium  chloride,  BaCh^  added.  The 
solution  is  allowed  to  stand  3  hours  and  is  then  filtered 
through  two  ashless  filters,  when  it  is  washed  with  hot  water. 
dried,  ignited,  weighed  as  barium  sulphate,  BaSO^,  and  cal- 
culated to  SOi,     As  an  illustration,  assume  that: 

Grams 

Crucible  and  barium  sulphate  weighed      .    .    11.126 
Crucible  alone  weighed 11.011 

Then,  by  difference,  BaSO^,  weighs  .    .    .        .116 
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BaSO,  :  SO,  ^  Alb  ;  x 
23L74:  79.46  -  .115  :  .0394 
As  one -tenth  of  the  original  solution  was  taken  for  this 


isay, 


.0394  X  10  X  100 


10 


=  3.94  per  cent,  of  SO, 


58.     Welifht  of  Water  of   n^clratlon.^ — Ores  contain 

rater  in  two  forms:  one  form  can  be  readily  driven  off  by 

eat  at  a  temperature  slightly  above  100°  C,  the  boiling 

>mt  of  water;  the  other  form  is  the  water  ol  crystallkation 

hydration.     For  example,  L5  g.  of  ore  is  dried  at  105^  C, 

id  transferred  to  a  bulb  tube,  and  connected  with  a  Bennert 

ring  apparatus  procured  at  a  chemical  supply  house.     The 

lube  of  the  apparatus  contains  calcium  chloride  and  before 

is -coimected  with  the  bulb  tube  it  is  carefully  weighed, 

teat  is  now  applied  to  the  bulb  tube  and  increased  gradually 

iniil  the  tube    and  the  ore  become  red  hot.     Air  travels 

lowly  through  the  lube  carrying  the  water  of  crystallization 

the  U  tube,  where  it  is  absorbed  by  the  calcium  chloride. 

Lfter  beating  at  a  red  heat  for  15  minutes,  the  U  tube  and  its 

>ntents  are  weighed.     The  difference  in  weight  is  due  to 

ke  absorption  of  the  water  of  hydration.     As  an  illustration: 

Grams 
The  amount  of  ore  taken      ..,...,. 
Weight  of  CaCit  tube  and  water 
Weight  of  CaCl,  tube         .    .    ,    . 

Weight  of  water      ...... 

.102  X  100 


1.5 
29.065 
28.96S 

a02 


Then, 


1.5 


=  6.8  per  cent,  of  water 


^I^ECTBOLYTIC    0ETBBM1KAT1ON    OF    COfFSB 

69.  The  electrolytic  determination  of  copper  is  also 
>metimes  called  the  i^aiiery  assay.  There  are  several 
lightly  different  methods  of  conducting  the  electrical  deter- 
lioation  of  copper*  but  the  following  is  a  good  general 
lethod,  especially  where  zinc  and  antimony  are  not  present 

large  quantities:    The  sample  should  be  passed  throtigh 
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an  80-mesh  sieve.  When  deter 
mattes,  i  g.  is  sufficient,  while 
amount  taken  may  vary  from 
richness  of  the  ore,  and  in  th< 
taken.  After  weig^hing  the  s 
beakers  and  slig^htly  moistene 
Then  25  c.  c.  of  strong  nitric  aci 
sulphuric  acid  are  added.  Th< 
with  watch  g^lasses  and  set  on 
heated  until  the  nitrous  fumes 
copper  is  in  solution.  The  wat 
the  beaker  and  the  solution  evi 
fumes  of  sulphuric  acid  appea] 
to  one  side  to  cool,  after  whict 
dilute  nitric  ^cid  (sp.  gr.  1;20 
used.  Four  or  5  drops  of  sulph 
are  also  added.  The  whole  is 
until  the  mass  is  in  solution,  aft 
is  filtered  oflE.  The  residue  sh 
there  are  no  copper  minerals  le 
is  saved  in  the  beaker  ready  f 
electricity. 

The  electrical  energfy  necess 
solution  may  be  furnished  by 
batteries  or  from  a  dynamo, 
the  most  common  form  of  batte 
but  a  Grove  cell  will  usually  g:i\ 
it  requires  more  care  in  its  mar 
a  surplus  of  electrical  energy,  1 
be  guarded  against.  Ordinaril 
made  up,  will  furnish  a  curre 
copper  from  six  to  eight  solut 
more  than  .5  g.  of  copper  in  1  \ 


60.  The  copper  is  deposite 
a  cathode,  and  another  platinum 
the  other  pole  for  the  electricit] 
Fig.   1   {a)  illustrates  a  very  < 
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which  is  composed  of  a  plain  platmttm  eylioder  ^  about 
2i  inches  long  and  1  inch  in  diameter.  The  rod  that  sup* 
)rls  it  is  4i  incKes  long  and  usually  a  little  less  than  tV  inch 
diameter.  Such  a  cathode  would  weigh  from  16  to  18  g» 
is  well  to  have  the  cathodes  as  large  as  this,  on  account 
the  fact  that  they  afford  ample  surface  for  the  precipi  ta- 
in of  the  copper  without  its  accumulating  in  a  spongy 
iass,  which  would  cause  loss  while  weighing.  The  anode 
lay  be  made  from  platinum  wire,  as  shown  in  (d).  The 
ire  is  a  little  less  than  iV  inch  in  diameter,  and  the  straight 
in  is  about  7  inches  in  length*  The  lower  end  of  the  wire 
twisted  into  a  spiral,  which  is  situated  below  the  cathode 
the  solution  to  be  treated.  The  diameter  of  the  spiral 
)U  is  about  1  inch.     One  advantage  of  this  form  of  anode 

that   it    affords   a   uniform 
solution  of  gas  throughout  the 
Solution,  and  hence   tends   to 
recipitate  copper  on  both  the 
iside  and  the  outside  of   the 
ithode  in  an  even  manner. 
The  solution  to  be  treated 
placed   in    a   deep  beaker 
imilar   to   that  shown  in    (c),      i«)  t»  (^) 

The  cathode  is  connected  with  ^*^  * 

le  positive  pole  of  the  battery,  and  the  anode  with  the 
sgatJve  or  zinc  pole  of  the  battery.     The  cathode  should 
>t  be  completely  immersed  in  the  solution  to  be  treated, 
id  when  it  is  supposed  that  all  the  copper  has  been  depos- 
ited, the  cathode  can  be  immersed  deeper  in  the  solution  and 
le  current  allowed  to  run  for  half  an  hour  longer.     H  any 
)pper  deposits  on  the  clean  surface,  it  will  show  at  once 
lat  all  the  metal  has  not  been  removed  from  the  solution, 
^fter  all  the  copper  has  been  deposited,  the  anode  is  loosened 
id  the  beaker  and  anode  removed*  leaving  the  cathode  with 
le  deposit  of  copper  hanging  to  the  wire  connected  with  the 
ittery.      The  cathode  is  next  wa&hed  with  distilled  water 
ad  then  immersed  in  alcohol.     What  alcohol  adheres  to  it 
burned  off   so  as   to  ignite  and  dry^  the  cathode.     The 
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copper  should  appear  of  a  rosy  or  pinkish  color.  After  the 
cathode  has  cooled  to  the  temperature  of  the  room,  it  is 
weig:hed,  and  the  difference  in  weis:ht  between  the  bare 
cathode  and  this  second  weighing:  is  taken  as  the  amount  of 
copper  in  the  sample  treated. 

Too  strong  a  current  will  cause  too  strong  an  evolution  of 
gas,  and  the  copper  will  deposit  dark-colored,  while  if  zinc 
is  present  it  may  deposit  on  the  copper.  By  being  careful 
with  the  work  and  determining  the  conditions  best  suited  to 
the  products  being  handled,  it  is  possible  to  do  extremely 
accurate  work  by  means  of  the  battery  assay.  Copper  may 
be  completely  deposited  and  removed  from  solutions  con- 
taining iron,  aluminum,  manganese,  zinc,  nickel,  cobalt, 
chromium,  cadmium,  lime,  barium,  strontium,  and  mag- 
nesium. The  solution  may  subsequently  be  employed  for 
the  determination  of  other  elements  that  it  contains.  The 
cathode  may  be  cleaned  by  simply  dissolving  the  deposited 
copper  in  nitric  acid.  After  all  the  copper  is  dissolved,  the 
cathode  should  be  carefully  washed  to  remove  any  add  or 
copper  salts  before  it  is  again  employed  for  a  determination. 


SliAG  ANAIiTSIS 

61.  Furnace  slags  are  analyzed  to  ascertain  whethci 
the  fluxes  necessary  to  a  fluid  slag  are  in  the  right  proportion; 
also,  to  ascertain  the  quantity  of  metal  that  is  being  lost  in 
the  slag.  In  many  cases,  a  complete  analysis  is  made  of  the 
slag,  particularly  in  lead  and  copper  smelting  where  the 
stock  is  liable  to  vary  in  composition.  In  most  cases,  onlj 
a  partial  analysis  of  slag  is  required.  In  iron  furnace  slag:s, 
the  constituents  most  frequently  determined  are  the  silicates, 
phosphorus,  and  sulphur,  the  ferrous  oxide  going  into  slag. 
In  lead  and  copper  smelting,  the  number  of  oxides  to  be 
determined  are  silica,  ferrous  oxide,  lime,  magnesia,  alumina, 
and  sometimes  zinc,  manganese,  barium,  lea3,  or  copper. 

It  will  not  be  necessary  to  go  into  the  details  of  the  opert^ 
tions  connected  with  slag  analyses,  and  therefore  the  scheme 
to  be  followed  is  merely  outlined. 
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62.     Iron  Fnmaee  Slags. — While  some  sla^s  are  solu- 
le  in  actds,  it  Is  better  to  proceed,  so  far  as  is  eonsisteat 
iUa  economical  work,  to  make  a  gravimetric  analysis. 
Two  E*  of  the  finely  powdered  slzg  is  fused  with  10  g^*  of 
>dium  carbonate  and  1  g.  of  sodium  nitrate.     The  fusion  is 
be  made  in  a  platinum  crucible  over  a  Bunsen  blast  lamp^ 
id  should  take  about  one-quarter  hour.     The  crucible  and 
ts  contents  after  cooling  are  transferred  to  a  No,  4  beaker 
>ntaining  100  c,  c,  of  warm  water*     The  water  will  permit 
le  contents  of  the  crucible  to  be  extracted,  and  then  the 
cible  is  removed.     The  liquid  in  the  beaker  is  acidiiied^ 
ith  hydrochloric  acid,  and  the  contents  carefully  transferred 
a  0-inch  porcelain  crucible  and  evaporated  to  dryness. 
[*heti*  50  c.  c,  of  hydrochloric  acid  and  100  c.  c*  of  water  are 
ided»  and  the  whole  boiled  and  filtered  into  a  250-c*  c. 
iradnated  flask.     It   is   next  washed  well  with  hot  water, 
>o!ed  to  15.5"^  C,  and  water  added  to  the  250  c*  c*  mark, 
id  the  whole  thoroughly  mixed. 
The  plan  to  pursue  is  about  as  follows: 
1,     Dry,  ignite,  and  weigh  the  residue  as  silica* 
2<     Take  50  c.  c*  of  the  solution  and  treat  for  phosphorus, 
8,     Take  50  c.  c*  of  the  solution  and  titrate  for  iron, 
4*    Take  60  c.  c,  of  the  solution  and  treat  for  alumina. 

5,  Take  50  c.  c.  of  the  solution  and  treat  for  MnOn  and 
reat  the  filtrate  for  CaO  by  the  ammonium-oxalate  method, 
len  filter,  and  treat  the  resulting  filtrate  for  MgO. 

6,  Take  50  c.  c.  of  the  solution  and  with  BaClt  precipitate 
the  sulphur  as  barium  sulphate. 

All  of  these  operations  have  been  explained* 


63.  Lead  and  Copper  Furnace  BlagB, — The  constit- 
uents of  lead  and  copper  slags  are  about  the  same,  the  analysis 
only  differing  in  looking  for  lead  in  lead  furnace  slag  and  for 
copper  in  copper  furnace  slag.  The  plan  to  pursue  is  as 
illows: 

1.  Determine  the  silica  by  gravimetric  analysis. 

2,  Determine  the  barium  as  follows:    Treat  ,5  g,  of  slag 
rith  dilate  hydrochloric  acid  and  a  few  drops  of  nitric  and 
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tunnel  linings.  $49,  p30. 
Bridged  sets.  $49.  pl6. 
Bridging,  or  false  sets.  §53.  p65. 
Brittle  buttons.  Cause  of.  |55.  pl7. 

lead  buttons.  $56.  p31. 
Broken  Hill  mines.  Timbering  at.  §53,  p43. 
Bromine  water,  $57,  pl4. 
Bucket  dredge.  Electrically  driven,  f47,  p69. 

dredges,  $47.  p57. 

dredges.  Clam-shell.  §47.  p68. 

dumper.  Automatic,  $48.  p24. 

dumps.  $48.  p24. 

riders.  $50.  p61. 
Buckets,  $47,  p59. 

Dumping,  $50,  p62. 

for  sinking.  Water,  $50.  p65. 

Ore,  $48.  pp76,  79. 

used  for  sinking  purposes,  §50,  p60. 
Bucking,  $48.  p48. 

board,  $54.  p8. 

board  muller.  $54.  p8. 

samples  with  metallic  scales.  §56,  pO. 
Buck's  mortar.  $54.  p9. 
Building  spedflcations.  §48.  p28. 
Buildings.  Construction  of.  $48,  p28. 
Built-up  timbers.  $53.  p61. 
Bullion  assay.  Calctdations  of,  §56,  pS2. 

•assay  weights.  $56.  p49. 

assaying,  $56.  p44. 

Copper,  $56,  p44. 

Dor^,  $56,  p44. 

Pine,  $56.  p44. 

Nomenclature  of.  §56,  pM. 

Parting,  §56.  p46. 
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BvdHoo— {Conthitied) 

Retorting.  H7.  I>i2. 
Bumping.  Prevention  of.  |56,  p4ft. 
Bunien  burners.  |57,  plO. 
Buntont,  |M  p4. 

and  poets,  Prmming.  |50,  p28. 
Burette  stands.  §57.  p7. 
Burettes.  f57.  p6. 
Burlingame  frame.  |53.  p30. 
Burners.  Bunaen.  $57.  plO. 

for  oil.  154.  p30. 
Button  balance.  $54  pl5. 

brush.  S54.  p43. 

distinguished  from  matte,  §55.  pl3. 

hammer,  §54,  p43. 

tongs,  154,  p43. 
Buttons.  S54.  p20. 

ADowable  minimum  difference  in,  |56,  p23. 

brittle.  Cause  of.  |55.  pl7. 

Brittle  lead.  $56.  p31. 

Cause  of  hard.  f55.  pl7. 

Cupeling  of  large.  f56,  pl8. 

Freezing  of.  $56.  p20. 

Placing  of.  in  cupels,  $56.  pl8. 

Siae  of.  for  cupels,  f 56.  pl8. 

Weighing  of.  §54.  p20. 


Ckble.  Bleichert  track.  f48.  p71. 

supports.  f48.  p75. 
C^t4es,  Deflection  of  w-ire.  $48.  p74. 

Tenskm  of  wire.  §48.  p73. 
C^Mrwax-s.  §48.  p81. 
Cadmium-platinum  alloy.  §56.  p41. 
Ckk»oo.  Shaft  sinking  with  timber.  §50.  p50. 
C^Llcsum  hydrate.  §57.  pl5. 

txKNRosilicate,  (55,  p21. 

*jou*ie.  Wei«ht  of.  §58.  p45. 

silicatr.  §55.  ppll.  21. 
C^*ulating  assay  slags.  §55.  p26. 

assays.  f56.  p7. 

bichn>«v*te  titration.  $57.  p34. 

buIU.>n  assay.  f56.  p52. 

Ellk>tt*s  method.  $58.  p30. 

^d  a$sa>-s.  $56.  p7. 

horseivwer  of  water.  $47.  p29. 

VmJ  a^isaN-s.  $56.  p32. 

scaler,  $56.  plO. 

silN^r  assa>'s.  $56.  p7. 

the  strength  of  potassium-cyanide  solution. 
$57.  p40. 

th«  strength  of  stempels.  $52.  i>44. 

vhc  strength  of  tubbing.  $50.  p81. 
V.'3Cvuiat\on  of  deflection.  $52.  pI9. 

v»i  MKvlybdate  solution.  $57.  p37. 

v>t  i>hvKiiphorus.  $58,  pl4. 

v.>i  i>s>t«Mittum  ferricyanide.  §57,  p43. 
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of  dags.  Table  for.  f55.  p27. 
Calctdations.  Unit  volume  for.  $57,  pi 
Caledonia  gold  mine,  f53,  p44. 
California  miners'  inch.  $46.  p45. 
Cantilever  cranes.  $48.  p54. 
CajMudty  of  wire-rope  tramways.  $48.  p6L 
Cap-and-post  timbering.  $53,  p7. 
Caps.  §52.  p33;  §53.  p21. 

SpUt,  §48,  p35. 
Capsule  for  annealing,  §56.  p25. 
Capsules.  Porcelain,  $54,  p39. 
Car  wheels,  §48.  p62. 
Carpenters'  knot.  §53.  p3. 
Carriage  used  on  cableway.  §48.  p81 
Carrying  capacity  of  pipes.  $47.  p21. 
Cars.  Dtimping  mine.  §48.  p58. 

for  flat  inclines.  Hoisting,  §49,  p47. 

for  steep  inclines.  Hoisting,  $49.  pO. 

Mine.  §51.  pl9. 

Scoop.  §48.  p59. 
Casseroles.  §57,  p4. 

Sixes  of.  §57.  p5. 
Cast-iron  posts.  §53.  p78. 

-iron  water  curbs.  §50.  p79. 
Catalysis.  §57.  p20. 
Cathode.  §58.  p48. 
Caustic  potash.  §57,  pl9. 
Caving.  §51.  p69. 

a  back  of  ore.  §51.  p61. 

all  the  ore  between  two  levels.  §51.  P& 

and  filling.  Safety  of  men  in,  $51.  J^- 

banks.  $47.  pl2. 

Mining  ore  bodies  by.  $51.  p57. 

or  running  ground.  $49.  pl8. 

system.  Modification  of.  $51,  p64. 

system,  North-of-England.  $51.  p57. 

system  of  mining,  $51.  p57. 
Cement.  $48.  p30. 

gravel.  Blasting.  $47.  p73. 

Natural-rock.  $48.  p31. 

Portland.  $48.  p31. 

Rosendale.  $48.  p31. 

walls  with  iron  cross-beams.  $53.  p7i 
Center-cut  system.  American.. $49.  p36. 

loading.  $48.  p41. 

-post  braces.  §53,  i>69. 
Central  hoisting  plants.  §48.  p5. 
Centrifugal  pump,  §47.  p47. 
Chain-cutter  machine.  §51.  p77. 
Chalcocite.  Reducing  power  of.  $55,  p38- 
Change  houses.  $51.  pl03. 
Channel  bars.  Shaft  sinking  by  intrriockH 

$50.  p46. 
Channeling  cuts  in  rock.  $50.  p20. 
Charcoal  in  muffle.  §56,  p6. 

Reducing  power  of,  §55,  pl4. 
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Corrodve  dags.  |56.  p7. 
Coft  of  driving.  |51.  p25. 

of  driving  tunnelt.  §49.  p42. 

of  flumes.  §46.  p66. 

of  iron  or  steel  ginlers,  |53.  p79. 

of  timber.  f52.  p9. 

of  wire-rope  tramwmys.  §48,  p81. 

per  running  foot  for  I2f  X  12^  tunnel.  f49. 
P41. 
Cover  for  charge.  f56.  p2. 
Coyoting.  f5i.  p24. 
Cracked  rcx>fs.  Supporting.  §52.  p34. 
Cradle.  Dumping.  f4S.  p57. 

Two-tray.  H«.  pl6. 
Cradles.  i4«.  pl4. 
Cranes.  Cantilever.  K8.  p54. 
Crpam  of  tartar.  Reducing  power  of.  §55.  pl5. 
Crrep.  §52.  p40. 
Crest  of  the  weir.  §46.  p41. 
Crevices.  |4«.  p2. 
Crib  storage  bins,  f48.  p46. 
Cribbing.  §50.  p23:  §53.  p33. 

and  stulls.  f50.  p24. 

for  loose  ground,  §50.  p32. 
Cribs.  Plank.  §50.  p33. 
Cross-beams.  WaUs  with  iron.  |53.  p74. 

-breaking,  §52.  p22. 

•cut  levels.  §49.  PP2.  5;  $51.  p22. 

•cut  slicing  with  filling.  f51.  p44. 

-cut  tunnel.  §49,  pp2.  5- 

-cuts.  §49.  p5;  §51.  ppl8.  21. 

-cuts.  Lateral.  §51,  p21. 
Croton  a<:;ueduct.  Tunneling  on.  §49,  p40. 
Cr-uciNe  assay  for  tellurides,  §56,  p36. 

assay  of  copper  ores.  §56,  p34. 

assay  of  liiharRe,  §55,  p9. 

assa>-inj;.  §56.  pi. 

chaivrs.  Table  of.  §55,  p34. 

Corrosion  of.  §55,  p36. 

furnaces.  §54.  p21. 

ton^.  §54.  p39. 
Cr--c:Kes.  §54.  p32. 

Battersea.  §54.  p32. 

FinrvUy.  §54.  p32. 

French  cUy.  §54.  p32. 

Gra;^hjte.  §54.  p33. 

H«r>5sjm.  §54.  p32. 

in  :hc  furnace.  Order  of.  §56,  p6. 

Markirv.  §56.  p5. 

Put  nuni.  §54.  p35;  §57.  p7. 

P..:::  Ixii.'v^.  §54.  p33. 

Porv^Liin.  §54.  p35;  §57.  p7. 

R.  s^v  §54.  p36. 

S£vvr.  §54.  p35. 
Crasher.  Hand-power.  §54,  p3. 
Crushin*!.  Fine.  Limits  of.  |56,  p3. 
Cryolite  as  flxtx,  §55.  pl4. 


Cnbic-fboe  tabfe.  §47.  p33. 
Copei  abnrption,  §56.  plS. 

absorptkm  of  btfaaige,  §56,  pl& 

board.  fS4,  pft2;  §56.  p6. 

Drying,  |56.  pl7. 

tongs.  154.  i>41. 
Cupeling  base  bolboa,  §56.  pift. 

large  buttons.  §56.  plS. 
Cupellation.  156.  pl7. 

and  temperature.  §56.  p20. 

Definitioa  of.  §54.  p37. 

Losses  in,  f56.  p22. 
Cupels.  §54.  p37. 

Assay  charges  for.  §56.  p3& 

Bone-a^.  156.  pl7. 

Compositioa  of.  §56.  pl7. 

Proxen.  §56.  p7. 

Hand-presaed.  §56.  pi 7. 

in  the  furnace.  Order  of.  §56.  pi 

Machine-pressed.  §56.  pl7. 

Making  of.  §54.  p38. 

Sise  of.  §56.  plS. 
Curbs.  Cast-iron  water.  §50.  p79. 
Cuts  in  rock.  Channeling.  §50.  p20. 
Cutting  joints.  Hea\-y  framing  by.  |tf.l 

joints.  Heav>-  framing  withoat.  H8, 1 
Cyanide  assay  of  copper.  §58.  p20. 

poisoning.  §57.  p40. 

sores.  §57.  p40. 


Dacite,  Composition  of.  §55.  p3> 
Damp  rot.  §52.  p8- 
Dams,  §46.  p48. 

Dr>'-stonc.  H6.  p51. 

Earth,  §46.  p52. 

Masonr>'.  §46,  p52. 

Wing,  §46.  p35. 

Wooden,  §46.  p48. 
Decay  of  timbers.  §51.  p83. 
Deciduous  trees.  §52.  p2. 
Decinormal  solutions.  §57.  p23. 
Deep,  or  ancient,  jdacers.  §46.  pi. 
Deep- placer  mining.  §47.  p69. 
Deepening  shafts.  §50.  pS2. 
Defective  scorifiers.  §56.  p7. 
DeflectioR  nozrle.  §47,  pll. 
Deflection.  §52.  pi 7. 

Constants  for.  §52.  p20. 

of  wire  cables.  §48.  p74. 

To  calculate.  §52.  pl9. 
Deposits.  Flat.  §53.  p7. 

Loading  stations  in  flat  pitcfains.  I* 

Loading  stations  in  steep  pitckiBg.l^ 

Measuring  the  width  of  inclined.  |5S, 

Mining  low-grade.  §51.  p74. 

Mining  wide  ore.  §51.  p40. 
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iSl.  p38. 

nature.  551.  p72. 

narrow,  inclined.  $62,  p42. 

TOW,  flat.  §52.  p32. 

Ic,  inclined,  $53.  p2. 

ess.  552.  pl7. 

J7. 

pl8. 

\  with  nails.  {55.  p40. 

Ictallic  iron.  $55.  pl3. 

§56.  p33. 

by  potassium  cyanide,   §55, 

.  $55.  pll. 

f  copper  in  copi)er  sulphate, 

Iver  bullion.  $56.  p53. 

wire.  $58.  p31. 
.  $58.  pi. 
na.  $58,  p33. 
,  $58.  p36. 
p39. 
8.  p34. 

flux.  $56.  pi. 
le  timbers.  $53.  p69. 
il.pl. 

551.  pl8. 
•.  $56.  p25. 
87. 

•ric  acid.  $57,  pll. 
c  acid.  $57.  pll. 
:  acid.  $57.  pll. 
ition  of.  $55.  p3. 
$47.  p65. 

f  inclined  shafts.  $49.  p43. 
tilation,  $51.  p98. 
oping.  $51.  p38. 
d  caving.  $51.  p70. 
fllling  system.  $51.  p55. 
stoping,  $51,  p31. 
lozzles.  $47,  pl4. 
). 
ugh  a  right-angled  V  notch. 

?.  $57.  p7. 
:.  $55.  p40. 
ffle.  $56.  p7. 
acer  debris,  $47.  p34. 
$57.  p27. 

^old  in  sluices.  $46.  p33. 
$46.  p4. 
lenccs    on    circulation.    §51, 

a.  $46.  p56. 
?  a.  $46.  p54. 
54. 


Ditches.  §46.  p53:  §51.  plO. 

Plow  o£  water  in.  §46,  p56. 
Dolomite,  Composition  of,  §55,  p3* 
Doors.  Air.  $51.  p96. 

Landing.  $50.  p59. 
Dor^  bullion.  $56.  p44. 
Double  fusible  silicates,  §55.  plO. 

-lined  shafts.  $50.  p35. 

tracks  on  slopes,  $49.  p63. 
Dredge,  Clam-shell.  $47.  p54. 

Electrically  driven  bucket,  §47,  i>59. 

Shovel.  $47,  p53. 

Suction.  $47,  p47. 

Working  a  suction,  $47,  p61. 
Dredges.  $47.  p46. 

Budcet.  $47,  p57. 

Qam-shell  bucket.  $47,  p68. 

Dipper.  $47.  p65. 

floating.  Inland.  $47,  p66. 

Ordering.  $47.  p61. 

Specifications  for,  §47,  p46. 

Traction,  $47,  p66. 

Types  of,  $47.  p46. 
Dredging.  $47.  p45. 

Steam-shovel.  $47.  p53. 

Suction.  $47.  p47. 
Dried  woods.  Weight  of.  §62,  p5. 
Drift.  Meaning  of.  $49.  p2. 

mining.  $47.  p69. 

mouth.  $49.  p2. 

>8et  mining,  $51.  p72. 

sets.  $53.  p24. 

Starting  a.  $53.  p63. 
Drifting.  $47.  p69;  $49,  p2. 
Dnfts.  $51.  ppl8.  21. 
Drill  holes.  Arrangement  of,  §50.  pl6. 

holes.  Placing.  $49.  p58. 
Drilling  blast  holes  in  tunnels,  |49,  p34. 

by  hand.  $50.  pl5. 
Drills.  Use  of  air.  $50,  pl6. 
Drinking  water.  $51.  pl02. 
Driving  a   timnel  throtxgh   running  ground, 
$49.  p21. 

Cost  of.  $51.  p26. 

spiling.  $49.  pl6. 

the  button.  $56.  pl9. 

tunnels.  Cost  of.  $49,  p42. 
Dropping  tube.  $57,  p6. 
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,  Advantages  of,  551,  p70. 
,  Disadvantages  of,  551,  p71. 
r.  Quality  of  ore  obtained  by. 

It  of.  551,  p70. 

p69. 

19.  p60. 

48.  p75. 

.  546,  p9. 

s.  554.  p36. 

-nent.  548,  p31. 

152,  p8. 

7. 

hod.  Sinking  shafts  by,  §50.p39. 

53.  p21. 

.  556.  p22. 

5.  553.  p48. 

compute  volume  of,  §52,  pl3. 

d  measure,  §52.  pl5 

rjuare-timber.  §52,  pll. 

th  timber,  §52.  pl2, 

nch  timber.  §52.  pl2. 

timber.  §52.  plO. 

und.    Tunneling    through,  |49. 

ntjund,  §49.  p83. 

lulus  of.  §52,  p23;  §53,  p83. 

8 

mbering,  §53.  pl7. 
551.p69:553.  p30. 
1  in  caving  and  filling.  §51,  p67. 
,P5. 
t51.  p97. 
§55.  p9. 
51.  p80. 
.  p74. 

1  machines,  §51,  p77. 
rus.  §57,  pl8. 


Salting  the  sample,  §54,  pO. 
Salts.  §57.  pl2. 
Sample  drying,  §54,  p7. 

envelopes.  §56,  p4. 

Salting  of.  §54.  p9. 
Samplers.  §54,  p4. 

for  assay.  §54.  p4. 
Samples  for  assaying.  §54,  p2. 

Marking  of,  §56.  p4. 

Numbering  of.  §56.  p4. 

Physical  tests  of,  §56,  p2. 

Pulverization  of.  §54.  p2. 

Pulverized.  §56.  pi. 

Wet  tests  for,  §56,  p2. 
Sampling.  Base-bullion.  §56,  p44. 

controls.  §56,  p42. 

fine  bullion.  §56.  p48. 
Sanitary  arrangements  at  mine  location,  §61, 
pl03. 

precautions.  Surface,  §51.  pl03. 

precautions.  Underground.  §51,  pl02. 
Sanitation,  Mine.  §51,  pl02. 
Sap  wood.  §52,  p3. 
Saving  fine  gold,  §47,  p40. 
Scaffolding,  Shaft,  §50.  p74. 
Scale  of  color  temperatures.  §56,  p80. 
Scales.  Assaying.  §56.  p9. 

Calculation  of,  556,  plO. 
Scoop  cars.  548,  p59. 
Scorification.  556.  pl3. 

assay.  556.  pl3. 

assay  of  tellurides,  §56.  p36. 

assay.  Test  lead  in.  §55.  pl4. 

charges.  §56.  pl3. 

charges.  Table  of.  §56,  pl4. 

End  of.  556.  pl6. 

Loss  in.  556.  pl6. 

of  copper  ores  556.  p35. 

of  lead  buttons.  556.  pl8. 

of  low-grade  ore,  §56.  pl6. 

of  matte.  §55.  p41. 

of  mattes.  §56.  p35. 

slags,  §56.  pl7. 
Scorifier  button.  Size  of.  §50,  pl6. 

slags.  Gold  in.  §56,  pl5. 

tongs.  §54,  p40. 
Scorifiers.  §54.  p36. 

Defective.  §56,  p7. 

in  the  furnace.  Order  of,  §50.  pO. 

Marking.  §56.  p5. 

Size  of.  556.  pl3. 

Table  of,  554.  p36. 
Scow.  The,  547.  p51. 
Seasoning  wood,  552.  p4. 
Section  modulus,  553.  p82. 
Sectional  gate  for  coarse  ore,  §48.  p44. 
Sections.  Tunnel,  §49,  p34. 
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Selecting  fine  bullion  sample.  {56.  p48. 
Selection  of  mine  timbers.  §52,  p7 
Self-fiuxinfi:  silicates.  §55.  pi. 
Sellwood  milling  system,  §51.  pl6. 
Serpentine.  Composition  of.  §55,  p3. 
Sesquicarbonate,  §57,  pl9. 
Sesqnisilicate,  Formula  of.  §55,  p21 
Set.  False,  §53.  p42. 

Richmond  square.  §53,  p36. 
Sets.  Anaconda.  §53.  p37. 

Drift.  §53.  p24. 

Four-piece.  §53.p23. 

Iron  or  steel.  §53.  p76. 

Reinforcing.  §53,  p41. 

Rough.  §53.  p21. 

Round-timber,  §53.  p46. 

Sills  for  square,  §53,  p39. 

Seventecn-inch  timber  rule,  §52,  pl2. 
Shaft  allowances.  §50.  p4. 

compartments,  Number  of,  §50,  p3. 

coverings.  §50.  p63. 

frames.  Hanging.  §50.  p29. 

lining.  §50.  p53. 

lining,  Richmond.  §50,  p71. 

lining.  Steel.  §50,  p78. 

linings.  §50.  p68. 

linings.  Brick.  §50,  p73. 

linings.  Masonry,  §50.  p68. 

linings.  Metal.  §50,  p78. 

linings,  Sinking.  §50.  p39. 

linings.  Weighting,  §50,  p43. 

Locating  the,  §50.  p6. 

Pentice.  §50.  p82. 

scaffolding.  §50.  p74. 

sinking  by  interlocking  channel  bars,  §50, 
p4G. 

sinking  by  the  Rothwell  method,  §50,  p39. 

sinking  in  loose  ground,  §50.  p32. 

sinking.  Pneumatic  method  of,  §50,  p48. 

sinking.  Systematic,  §50.  pl8. 

sinking  to  bed  rock.  §50.  pi. 

sinking  with  timber  caisson,  §50,  p50. 

stations.  Pocket.  §49.  p52. 

stations.  Timbering.  §53,  p53, 

stations,  Timbering  ore  pocket  at,  §53,  p58. 

templets,  §50.  pll. 

The  Forman,  §50.  p29. 

The  Parker.  §50,  pl7. 

The  Susquehanna.  §50.  p43. 

-tinilK>r  sets.  Framed,  §50,  p25. 

timbers,  §50.  p4. 

tinilx-rs.  Spacing.  §50,  p20. 

Tvinnel  connected  with,  §51,  p92. 
>hatts.  §49.  pp7,  43. 

Advantages  of  inclined,  §49.  i>43. 

Hrvast  boards  in.  §50.  p37. 

Cirvular,  §50.  p2. 


Shafts —  (Continued) 

Compartment,  §50.  p3. 

Deepening.  §50.  p82. 

Disadvantages  of  indii^,  §48,  pl3. 

Double-lined.  §50.  p35. 

Forms  for.  §50,  pi. 

Housed,  §51.  p97. 

Lodgments  in,  §50.  p22. 

Lowering  timbers  down  inclined,  i53. 

Lowering  timbers  down  vertical,  i53. 

Removing  water  from.  §50.  p64. 

Size  of,  §50.  p4. 

Size  of  inclined.  §49.  p46. 

Sizes  of  well-known,  §50,  p5. 
Shakes  in  timber.  §52,  p7. 
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Sharp-nosed  pincers.  §56.  p22. 
Shearing.  §52.  p25. 
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Sheave  wheels.  §48.  p22. 
Sheet  lead  in  bullion  assay,  §55,  pll 
Shops,  §48,  p96. 
Shot  holes.  Placing,  §49,  p35. 
Shovel  dredge.  §47,  p53. 
Shrinkage  of  wood.  §52,  p6. 
Side-brace  sets.  §49.  plS. 

loading,  §48.  p41. 
Sieves.  §54.  plO. 
Silica,  §55,  plO. 

alone.  Assay  of,  §58,  p42. 

and  its  associates.  §58.  p40. 

bricks.  §55.  plO. 

Determination  of,  §58.  p39. 
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Silicate  of  magnesium.  §55  p22. 
Silicates.  §55,  ppl,  20. 

Barium,  §55,  p23. 

Double  fusible.  §55,  plO. 
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of  copper,  §55,  p25. 

of  iron,  §55.  p24. 

of  lead.  §55,  pp21,24. 

of  potassium,  §55,  p23. 

of  sodium,  §55,  p23. 
Sills  for  square  sets,  §53,  p39. 

Foundations  for,  §48,  p36. 
Silver  absorption  in  cupcb,  §56.  pl7. 

absorption  of  oxygen,  §56,  p21. 

bullion.  Copper  in,  §56,  p53. 

-chloride  scales,  §56,  pll. 

-crucible  fluxes,  §55.  p34. 

crucibles.  §54,  p35. 

foil.  §56,  p28. 

in  copper  matte.  §56,  p35. 

in  slag,  §56.  p37. 

loss  in  cupeling,  §56,  pi 7. 

Melting  point  of,  §56,  pl9. 
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>42. 

mbering  in  stopes,  {52,  p44. 
plO. 

loose,  wet  ground.  {50,  p34. 
sand.  Freezing  method  for,  {50,  p53. 
rock,  {50,  p58. 
§50.  p64. 
lings.  {50,  p39. 

y  pneumatic  method,  {50,  p48. 
»y  the  Rothwell  method,  {50,  p39. 
^ith  timber  caisson.  {50,  p50. 
0.  p40. 

ethod  of  using,  {50,  p41. 
?»ower  for,  {49,  p61. 
4uehanna  shaft,  {50,  p43. 
ock.  {50.  pl2. 

ock  in  wet  ground,  {60,  pl2. 
shafts.  {50.  pi. 
mckets  for,  {50,  p65. 
nverted,  {47,  p3. 
ts.  {49,  p9. 
charge,  {56,  pi. 
buttons,  {56.  plS. 
s.  {56.  pl8. 
.  {46.  p54. 
led  shafts,  {49.  p46. 
timbers.  Determining  the,  {53  p69. 
timber,  {52,  plO. 
ier  button,  {56,  pl6. 
iers.  {56,  pl3. 
5.  {50.  p4. 
;akcrs.  {57,  p4. 
roles.  {57.  p5. 
cnown  shafts,  {50,  p5. 
in  timbering.  {49,  p64. 
need  timber,  {53,  p6. 
mping,  {48,  p23, 
p4. 

.  {58.  p50. 
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§55.  p4. 
.  555.  pl9. 
to  muffle.  556.  p7. 
natte.  {55.  p41. 
.  Pl9. 

harges  for.  {56.  p37. 
.  {55.  p31. 


Slags — (Continued) 

Color  of  scorification,  {56.  pi 7. 

Complex,  {55,  p29. 

Corrosion  of,  {56,  p7. 

Fluidity  of.  {55,  pl9. 

Fulton's.  {55,  p31. 

Pasty.  {55.  pl9. 

Typical  assay.  {55.  p25. 
Slicing  and  caving  timber  sets,  {53,  pl5. 

-and-filling  system.  {51.  p55. 

with  filling.  Cross-cut,  {51,  p44. 
Sliding  angle  of  wood  on  wood,  {53.  p20. 
Slope  excavations.  {49.  p58. 

head-frames.  {48,  p7. 

Location  of  a,  {49,  p44. 

sinking,  {49  p57. 

sinking,  Factors  in,  {49,  p57. 
Slopes.  {49.  p7. 

Compartment.  {49.  p63. 

Double  tracks  on,  {49,  p63. 

or  inclines,  {49.  p43.. 

Pocket  stations  on  steep.  {49,  p56. 

Power  for  sinking,  {49,  p61. 

Timbering,  {49,  p64. 

Tracklaying  on,  {49,  p61. 
Sluices,  {46,  pl9. 

Charging  the,  {46,  p33. 

Distribution  of  gold  in,  {46,  x>33. 

Grades  for,  {46,  p21. 
Sluicing,  {46.  pl9. 

Box.  {46,  p20. 

Ground.  {46,  p34. 
Smelter  premium  on  iron  oxide,  {57.  p3. 
Smoke,  Powder,  {51,  pl03. 
Sodium-ammonium  hydrogen  phosphate,  {57. 
pl8. 

bicarbonate,  {55,  p6. 

bisilicate,  {55.  p6. 

bromide,  {57,  pl8. 

carbonate,  {55,  p6:  {57,  p20. 

chloride.  {55.  p8;  {57.  pl8. 

hydrate.  {57,  pl9. 

•hydrate  solution,  {58,  plO^ 

hydroxide.  {57.  pl9. 

nitrate.  {57,  pl8. 

silicates,  {55.  p23. 

thiosulphate,  {57,  pl8. 

•thiosxilphate  method  for  copper,  {58  p22. 

thiosulphate.  Normal  solution  of,  {57,  p24. 

-thiosulphate  solutions,  {57,  p43. 
Soft  ground.  Definition  of.  {53,  p62. 

ground.  Piling  through,  {50,  p36. 

ground.  Timbering  in,  {53,  p62. 
Solid  rock.  Sinking  in.  {50.  p58. 
SoUars.  {51.  p93. 
Solution,  acid.  Standard.  {58,  pl6. 

Normal  sodium-hydrate,  {57,  p22. 
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Solution— (Continued) 

of  indicator  f67,  p6. 

of  man^nous  sulphate,  §68.  p7. 

of  mercuric  chloride.  §58.  p7. 

of  permanganate,  §58,  p8. 

of  silver  nitrate,  {57.  p24. 

of  lodium  hydrate,  $58.  pl6. 

of  standard  silver  nitrate.  §67.  pS4. 

of  stannous  chloride,  §58.  p7. 

iA  starch.  §57.  p44. 

of  uranium  acetate,  §57,  p42.    . 

Standard.  §57.  p2. 

Standard  potassium-cyanide,  §57.  p37. 
Solutions.  GUculation  of  molybdate.  §57,  p37. 

Deonormal.  §57.  p23. 

Half-normal.  §57.  p22. 

Miscellaneous  titrating.  §57.  p23. 

Normal  alkaU.  §57.  p22. 

Normal  ammonium-hydrate.  §57.  p22. 

Normal  barium-hydrate,  §57.  p22. 

Normal  hydrochloric  acid.  §57.  p21. 

Normal  nitric  acid,  §57,  p21. 

Normal  oxalic  acid.  §57.  p21. 

Normal  potassiwm-carbonate,  §57,  p22. 

Normal  potassium-hydrate,  §57,  p22. 

Normal  sodium-carbonate,  §57,  p22. 

normal  to  oxygen.  §57,  p23. 

of  ammooxum  molybdate.  §57.  p35. 

of  iodine.  §57   p24. 

One-gfth  normal.  §57.  p23. 

Stan«iard   potassium -permangate,  §57,  s>26. 

Stantiar-i  bichromate.  §57.  p31. 

Srar»1ar'*TTTry    §57.  p25. 

StandarfiKni;  mulybdate,  §57,  p36. 
Spttctmf  soar:  tirabers,  §50.  p20. 
Span.  Limit:^  H.  §48.  p75. 

H  a  'XA.'V.  |o2,  p44. 
SpaCTua:>.  $o4.  pi  I. 
rH'w^  dujUK^  loo.  p32. 

>tix<-inle  rrrrstie*.  §48.  p5J. 

timLvr?nj{    |.33.  p29. 
Sp«iv' licit tiv?ni»,  Builvimg.  §48,  p28. 

•r   iretijjtrs.  §4"    p46. 
:>pt:is*.  rvnuiitit-'n  ot.  in  assay.  §55,  pl7. 
St»tiAi.trrtf    Re«iuv.'JHf  power  of,  §55,  p38. 
Sj-'uin^    LV.>nK,  §49   pl6- 
5?,»ill  *ay.  LVrimtioc  ct.  §46.  p43. 
Svutt'.iuj    Jo*>.  pir 

F'>r.ent:on  .^t    §o«5.  plS^ 
Spi:t  .*;->>.  Hi*.  ^xJo. 
Spongy  j^oid.  |o<>.  p25. 
Spot  vUtc    |o7    pp<>.  25. 
Spnn*{  A-v>d.  §o2.  p3- 
Sprouted  buttons  re»«rcte<!.  §56.  p46. 
Sproutinx.  §o6.  p21 

Loss  m.  i.36.  p22. 

Prevention  of.  io6,  p22. 


Spurting,  Prevention  of,  §56.  p46. 
Squaxe  set.  Richmond.  §53.  p36. 
•set  system  of  timbering.  |51,  p 
-set  timbering.  §53.  p33. 
>set  timbering.  Nevada.  §53,  p4 
sets.  Sais  for.  §53.  p39. 
timber.  Logs  reduced  to.  §52,  p 
Squared  timbers.  Measurements  o 
Stability  of  retaining  walls.  §48.  i 
Scamp  miUs.  Gold.  §48.  p84. 
Standard  add  aolutsoo.  §58.  pl6. 
bkjirafiiate  solutions.  §57.  p31. 
I  beams.  Properties  of,  §53.  pS 
iodine  giliitino,  §57.  p24. 
iras  ofcs»  vohixnetnc  treatmect 
molybdate  solutioBs.  §57.  p35. 
of  tbe  salntaaB.  |57.  pS. 

rsolctiaii.  §57 
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Cost  of,  §53.  p79. 

mes,  §48.  p21. 

17.  p3. 

.  p76. 

ing,  850.  p78. 

fles.  Longitudinal.  §46.  p24. 

nes.  Hoisting  cars  for,  §49.  p47. 

Timbering.  §49.  p68. 

deposits,  I/oading  stations  in.  §49, 

^ocket  stations  on.  §49.  p56. 

§52.  p44. 

ing  the  strength  of.  §52,  p44. 

Lcducing  power.  §55,  p38. 

'  dishes  to  muffle,  §56,  p7. 

:.  §56.  p7. 

52,  pl7. 

th,  §52.  pl7. 

n.  §52.  pl8. 

th.  §52.  pl7. 

th.  §52.  pl7. 

3.  Ratio  of.  §52,  pl8. 

d,  §57.  p6. 

r.p8. 

Reducing  power  of,  §65.  pll. 
55,  pl9;  §56.  p2. 
itles.  Special,  §48,  p51. 
B.  p50. 

ading  ore  from.  §48.  p54. 
mbcr  work  in,  §48,  p51. 
re  in  the  motintains.  §48,  p59. 
uirements  for,  §48,  p56. 
}ins.  §48.  p47. 
ortals.  §49.  p27. 

igle-stick  timbering  in.  §52,  p44. 
dvantages  of  overhead,  §51,  p37. 
ges  of  underhand.  §51.  p30. 
method  of  underhand,  §51,  p31. 
ntages  of  overhead,  §51,  p38. 
ntages  of  imderhand,  §51,  p31. 
:tom  of  winxe.  Overhead.  §61,  p35. 
d,  §51,  p32. 
^erhead,  §51.  p33. 
.nd.  §51.  p28. 

ing.  Longitudinal  back,  §51,  p61. 
a  winze,  Overhead,  §51,  p36. 
IS.  Crib,  §48.  p46. 
inclined  beams,  §53,  pl5. 
[easuring,  §46,  p37. 
f  metal  beams,  §63,  p80. 
,  §52,  p35. 
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els.  Calculating  the.  §52,  p44. 
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Stress,  Fiber.  §63,  p83 
Stripping.  §51.  p4. 

by  hand,  §61,  plO. 

with  steam  shovels,  §51,  pll. 
Structure  of  wood,  §52,  pi. 
StuU-room  timbering.  §63.  pl3. 

rooms.  §51,  p69. 
StuUs.  §52,  p42. 

and  cribbing.  §50  p24. 

Reinforcing,  §53,  p70. 

Strength  of.  §53,  p69. 
Subsilicate.  Formula  of,  §66,  p20. 
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